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INTRODUCTION. 


Since  the  issue  of  the  1905  edition  of  this  manual  considerable 
progress  has  been  made  in  perfecting  signal-corps  equipment,  result- 
ing in  developing  new  types  of  apparatus  and  modifying  former 
standard  types.  As  the  supply  of  the  last  edition  is  almost  exhausted, 
it  is  considered  desirable  to  take  advantage  of  the  opportunity  to 
revise  and  extend  the  text  to  conform  to  the  conditions  which  obtain 
at  the  present  time. 

In  view  of  the  rapidly  increasing  application  of  electricity  to 
warfare,  the  importance  of  a  thorough  knowledge  of  the  electrical 
instruments  and  equipment  can  not  well  be  overestimated. 

As  regards  telephones,  there  should  be  not  only  a  thorough  famil- 
iarity with  the  ordinary  methods  of  operating  telephone  lines,  whether 
the  instruments  are  bridged  or  in  series,  but  also  a  knowledge  of  the 
construction  of  the  various  types  of  telephones  herein  described,  so 
that  faults  may  be  readily  located  and  remedied. 

Not  only  should  officers  and  men  be  able  to  install  and  operate  all 
instruments  and  equipment  described  in  this  manual,  but  they  should 
also  be  familiar  with  so  much  of  the  theory  of  electricity  as  bears 
directly  or  indirectly  on  their  work. 

It  is  intended  in  issuing  the  manual  to  provide  in  convenient  form 
in  simple  nontechnical  language  the  information  as  to  signal-corps 
equipment  necessar}^  to  accomplish  the  ends  outlined  above.  In  com- 
piling the  subject-matter  of  this  manual  free  use  has  been  made  of 
current  data  from  various  sources. 

Part  of  the  chapter  on  '"  Repeaters ''  and  all  of  the  chapter  on 
''  Duplex  methods"  are  taken,  by  courtesy  of  the  author,  Mr.  William 
Maver,  jr.,  from  that  excellent  w^ork,  American  Telegraphy. 

A  republication  of  some  of  the  valuable  articles  of  Mr.  Willis  H. 
Jones,  originally  published  in  the  Telegraph  Age,  on  adjusting  office 
instruments  will  be  useful  to  operators. 

An  interesting  extract  from  the  Western  Union  publication  on 
"  Construction  of  permanent  lines  "  is  inserted  by  the  permission  of 
Col.  R.  C.  Clowry.  the  president  of  the  Western  Union  Telegraph 
Company. 

Much  valuable  information  as  to  construction  methods  and  appa- 
ratus and  electrical  data  has  been  obtained  from  the  trade  publica- 
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lions  of  the  following:  Standard  Underground  Cable  Company. 
AVestern  Electric  Company',  AV.  X.  Mathews  &  Bro..  and  the  Electric 
Storage  Battery  Company. 

Much  of  the  data  contained  in  the  last  chapter  was  taken  from 
Fosters  Electrical  Engineer's  Pocket  Book,  through  the  courtesy-  of 
Mr.  Horatio  A.  Foster,  the  author,  and  the  D.  Van  Xostrand  Com- 
pany, of  Xew  York,  publishers. 

The  chapters  on  telephones  describe  the  construction  and  operation 
of  the  various  types  of  telephones  and  switchboards  supplied  by  the 
Signal  Corps  for  the  use  of  the  Army ;  consequently  no  reference  to 
the  engineering  principles  involved  is  made. 

AIucli  of  the  apparatus  described  has  been  designed  by  the  Signal 
Corps  to  meet  the  special  necessities  of  military  service,  where  the 
requirements  are  quite  different  from  those  of  commercial  life.  In 
the  field  apparatus  strength  and  portabilitj''  are  the  predominating 
features  of  design,  while  the  efficiency  of  talking  and  ringing  circuits 
is  maintained. 


Chapter  I. 
PBINCIPLES   OF   MAGNETISM   AND   ELECTRICITY. 

MAGNETISM.  ' 

A  bar  of  steel  or  iron  which  has  the  properties  of  attracting  other 
pieces  of  steel  or  iron  is  called  a  magnet.  When  freely  suspended 
at  its  center  it  will  point  north  and  south.  It  can  also  impart  these 
powers  to  another  piece  of  iron  or  steel  without  losing  any  of  its  own. 

The  ends  of  a  magnet  are  called  its  poles.  The  end  which  points 
toward  the  north  is  its  north  pole  and  the  other  end  its  south  pole. 
The  north  end  of  any  magnet  will  repel  the  north  ends  of  all  other 
magnets,  but  will  attract  all  south  poles.  From  this  follows  the  law 
of  magnetic  attraction,  "  like  poles  repel  and  unlike  poles  attract." 

The  force  exerted  by  one  magnet  on  another  to  attract  or  repel  it 
is  called  magnetic  force.  If  iron  filings  be  spread  on  a  paper  laid  over 
a  bar  magnet,  the  filings  will  arrange  themselves  about  the  magnet 
in  curves  which  end  at  the  poles.  These  curves  are  called  lines 
of  force,  and  the  whole  space  occupied  by  the  curves  is  the  magnetic 
field  of  force,  or  magnetic  field.  It  is  assumed  that  the  lines  of  force 
come  out  from  the  north  pole  of  the  magnet,  pass  through  the  air, 
reenter  the  magnet  at  the  south  pole  and  pass  through  it  to  the  north 
pole,  thus  completing  the  path.  This  path  forms  the  magnetic  cir- 
cuit, and  each  of  the  lines  of  force  completes  it  without  crossing  or 
combining  with  any  one  of  the  others  in  the  field.  A  line  of  force 
always  forms  a  closed  loop,  so  that  as  many  lines  enter  the  south  pole 
as  leave  the  north. 

To  make  a  magnet  of  a  steel  bar,  place  the  bar  flat  on  a  table.  Take 
the  south  pole  of  a  magnet  and  stroke  the  bar  with  it  several  times, 
always  from  end  to  end  in  the  same  direction.  The  end  of  the  bar 
first  touched  will  then  become  a  south  pole  and  the  end  where  mag- 
net last  touched  a  north  pole.  The  bar  will  then  be  a  magnet.  Or 
wind  a  few  turns  of  insulated  wire  around  the  bar  and  pass  a  current 
of  electricity  through  the  wnre  for  a  short  time,  gently  tapping  the 
bar  with  a  hammer  while  the  current  is  flowing.  Upon  removing  the 
bar  from  the  coil  it  will  be  found  to  be  a  magnet. 

If  a  piece  of  iron,  mounted  on  a  pivot  so  it  is  free  to  swing  about, 
be  placed  in  a  magnetic  field  of  force,  the  iron  will  move  so  that  the 
greatest  number  of  lines  of  force  of  the  field  will  pass  through  it. 
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If  the  movable  body  be  a  magnet,  for  example,  a  compass,  it  will 
turn,  under  the  influence  of  the  field,  so  that  not  only  the  greatest 
number  of  lines  of  force  will  pass  through  it,  but  also  so  that  its  own 
lines  of  force  will  be  in  the  same  direction  as  those  of  the  field.  Upon 
this  fact  is  based  the  construction  of  many  fonns  of  electrical 
instruments. 

If  a  bar  of  soft  iron  be  placed  in  the  field  of  a  bar  magnet,  we  will 
find  on  testing  the  soft  iron  bar  that  it,  too,  liAS  become  a  magnet 
having  two  distinct  poles.  The  iron  bar  is  called  the  body  under 
induction,  the  magnet  the  inducing  body,  and  this  phenomenon  mag- 
netic induction.  Magnetic  induction  is  defined  as  the  action  and 
reaction  which  occur  when  a  magnetic  field  makes  a  magnet  of  a  bodj' 
placed  therein. 

Two  dissimilar  metals  as  copper  and  zinc  connected  by  a  wire  and 
inunersed  in  a  weak  sulphuric  acid  solution  which  acts  upon  one  mor(^ 
than  the  other  constitute  a  voltaic  cell.  The  metals  are  the  plates: 
the  solution  is  the  electrolyte.  The  term  circuit  is  applied  to  the 
entire  })ath  through  which  the  current  of  electricity  flows.  The  wire 
joining  the  plates  is  the  conductor.  That  part  of  the  circuit  outside 
of  the  cell  is  the  external  circuit ;  that  on  the  inside,  the  internal  cir- 
cuit. Bringing  the  two  ends  of  the  conductor  into  contact  is  called 
making  or  closing  the  circuit,  and  their  separation  opening  or  break- 
ing the  circuit.  A  substance  through  which  the  current  flows  readily 
is  a  good  conductor.  Any  substance  through  which  the  current  will 
not  flow  is  an  insulator.  j\Iost  metals  are  good  conductors,  while 
mica,  glass,  dry  Avood,  rubber,  etc.,  are  good  insulators. 

The  copi^er  plate  in  the  above  experiment  is  the  negative  plate :  the 
wire  attached  to  it  the  positive  pole.  The  zinc  plate  is  the  positive 
plate  or  element,  and  its  wire  or  terminal  the  negative  pole.  It  has 
been  agreed  that  the  current  flows  from  the  positive  to  the  negative 
plate  through  the  internal  circuit  and  from  the  positive  to  the  nega- 
tive pole  through  the  external  circuit.  Therefore,  in  any  source  of 
electric  current,  that  pole  from  which  the  current  flows  is  considered 
positive,  and  that  pole  to  which  the  current  flows,  negative.  The 
combination  of  elements,  acid,  and  containing  vessel  constitutes  a 
voltaic  cell. 

ohm's  law. 

In  any  circuit  through  which  a  current  is  flowing  there  are  three 
factors:  (1)  The  dift'erence  of  potential  between  the  plates,  known 
as  the  pressure  or  electromotive  force,  the  unit  of  which  is  the  volt : 
(2)  the  resistance,  or  opposition,  by  the  conductor  to  the  flow  of  cur- 
rent expressed  in  ohms:  (3)  the  current  strength,  expressed  in  am- 
peres.   A  current  exists  in  the  circuit  by  reason  of  the  pressure  over- 
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coming  the  resistance.  A  definite  relation  exists  between  these  fac- 
tors so  that  the  vahie  of  any  one  of  them  can  be  found  if  the  vakies 
of  the  other  two  are  known.  This  relation,  expressed  by  Ohm's  law, 
is  as  follows: 

{a)  The  current  strength  in  a  circuit  may  be  found  by  dividing  the 
pressure,  or  electromotive  force,  applied  to  it,  by  the  resistance, 

,-,  ,.  ,     EMF  (in  volts) 

C  (m  amperes)  = — ^^  ..      , ^— . 

^  ^         ^         K  (in  ohms) 

(h)  The  electromotive  force,  or  pressure,  required  to  maintain  a 
certain  current  strength  in  a  circuit  may  be  found  by  multiplying 
the  current  in  amperes  by  the  resistance  in  ohms. 

(c)  The  resistance  in  any  circuit  may  be  found  b}^  dividing  the 
electromotive  force  by  the  current  strength. 

^  ,.      ,       ,      E  M  F   (in  volts) 

K  (ni  ohms)  =   ^,  .• ^ — . 

^  '        C  (ni  amperes) 

When  the  total  electromotive  force  is  used  in  Ohm's  law,  the  total 
resistance  must  be  used  to  calculate  the  current  strength.  For  exam- 
ple, if  a  coil  of  0.5  ohm  resistance  is  connected  to  a  cell  of  2  volts 

E  2 

E  M  F,  the  current  through  the  coil  would  not  be  s  or  ^  =4  am- 
peres as  might  be  supposed.  It  requires  a  certain  part  of  the  cell's 
E  M  F  to  force  the  current  through  the  internal  circuit;  therefore, 
the  internal  and  external  resistances  must  always  be  added  together 
and  divided  into  the  total  E  M  F  to  find  the  current  flowing.  Now, 
if  the  internal  resistance  of  the  above  cell  were  0..5  ohm,  the  total 

E     2 
resistance  would  be  0.5-|-0.5=l  ohm  and   C=  p=j=2  amperes,  or 

half  of  the  first  result. 

Ohm's  law  applies  also  to  any  part  of  a  circuit  the  same  as  to  the 
whole  circuit.  When  applied  to  part  of  a  circuit  care  must  be  taken 
to  use  only  the  E  M  F,  resistance,  and  current  strength  of  that  portion 
of  a  circuit  considered.  Therefore,  when  E  is  used  as  total  E  M  F, 
R  must  be  the  total  resistance,  and  when  E  is  used  as  the  pressure  ap- 
plied to  part  of  a  circuit,  R  to  correspond  must  be  the  resistance  of 
that  part  of  the  circuit  to  which  the  E  was  applied.  This  application 
of  the  law  may  be  illustrated  by  the  following  problem : 

The  E  M  F  of  a  cell  is  2  volts;  its  internal  resistance  0.5  ohm. 
It  is  connected  to  three  spools  of  wire  in  series.  By  measurement 
we  find  that  the  E  causing  the  current  to  flow  through  one  of  the 
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spools,  of  Avhich  the  /i'=0.4  ohm.  is  U.C)  volt.     What  current  is  flo\A'ing 
through  this  spool? 

B}^  Ohm's  law  ^=^=0  4=!-^  amperes. 

Now,  since  the  current  is  the  same  in  all  parts  of  a  series  circuit, 
1.5  amperes  flow  through  each  of  the  spools  and  also  through  the  in- 
ternal resistance.  This  al.-o  illustrates  the  difference  between  the 
E  M  F  and  potential  difference.  The  difference  of  potential  or  pres- 
sure between  the  ends  of  the  spool  is  0.6  volt,  while  the  E  M  F  of  the 
cell  is  2  volts. 

What  part  of  the  total  E  M  F  is  used  in  overcoming  the  internal 
resistance  of  the  cell  in  the  above  problem  ? 

By  Ohm's  law  £'=<"XA*=l-')X0.r)  =  0.T5  volt. 

This  gives  pressure  lost  or  "'  volts  drop  "'  inside  llu>  cell. 

Electrical  resistance  is  the  opposition  offered  bv  any  conductor  to 
the  floAv  of  a  current  through  it.  It  is  measured  in  ohms.  The  ohm 
is  the  resistance  of  a  column  of  mercury  about  42  inches  high  and 
0.00155  square  inch  in  cross-sectional  area  at  zero  centigrade.  The 
resistance  of  any  conductor  increases  with  its  length  and  decreases 
with  the  area  of  cross  section,  and  for  most  conductors  the  resistance 
increases  with  rise  of  temperature. 

ELECTRO  .MAGNETISM. 

Every  wire  through  which  a  current  flows  possesses  a  magnetic 
field  around  it.  This  fact  can  be  proved  by  bringing  a  compass  near 
it.  The  magnetic  field  Avill  act  on  the  compass,  and  it  will  be  deflected, 
showing  not  only  the  presence  of  a  magnetic  Held,  but  also  the  direc- 
tion of  the  lines  of  force.  These  will  be  found  to  encircle  the  wire, 
always  running  from  left  to  right,  similar  to  the  direction  in  which 
the  hands  of  a  clock  move,  assuming  that  the  current  is  flowing 
directly  away  from  the  ob-erver. 

A  solenoid  consists  of  one  or  more  layers  of  Avire  wound  on  a  spool, 
usually  of  nonmagnetic  material,  the  length  being  great  as  compared 
with  the  diameter.  A  magnet  can  be  made  of  a  solenoid  by  passing 
a  current  of  electricity  through  the  wire.  One  end  of  the  coil  Avill 
be  the  north  pole  and  the  other  the  south  pole.  If  an  iron  bar  be 
placed  lengthwise  through  the  coil  while  the  current  is  flowing,  it 
Avill  be  found  that  the  magnetism  has  been  increased.  This  is  due  to 
the  fact  that  lines  of  force  are  much  more  easily  set  up  in  iron  or 
steel  than  in  a  nonmagnetic  mediunu  A  solenoid  with  such  an  iron 
core  constitutes  an  electromagnet.  The  current's  magnetic  field  in- 
duces magnetism  in  a  piece  of  iron  placed  Avithin  its  limits. 
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If  the  iron  core  of  a  solenoid  is  pulled  out  while  the  current  is 
flowing  the  attractive  force  of  the  solenoid  will  tend  to  pull  tlie  core 
back  until  its  middle  point  coincides  with  that  of  the  solenoid.  This 
principle  is  made  use  of  in  many  electrical  devices,  such  as  circuit 
breakers,  ammeters,  and  telautographs.  Electromagnets  are  used  in 
many  kinds  of  instruments — electric  bells,  telegraph  sounders,  tele- 
phone receivers,  and  relays  are  some  examples.  The  strength  of  any 
electromagnet  depends  on  the  number  of  turns  of  wire  and  the 
strength  of  current  passing  through  it. 

elec'tro:magnetic  induction. 

If  a  straight  wire  be  moved  across  a  magnetic  field  so  as  to  cut  lines 
of  force,  a  difference  of  potential  wnll  be  set  up  between  its  ends.  If 
the  ends  of  the  w^ire  be  connected  outside  the  field,  a  current  will  flow. 
This  is  called  electromagnetic  induction,  and  the  currents  so  produced 
are  induced  currents.  Upon  this  principle  is  based  the  operation  of 
all  dynamos,  transformers,  induction  coils,  telephones,  etc. 

No  distinction  is  made  between  the  magnetic  field  of  a  permanent 
steel  magnet  and  that  of  an  electromagnet.  Either  the  magnetic  field 
or  the  closed  circuit  may  l>e  moved  so  long  as  the  lines  of  magnetic 
force  are  made  to  cut  the  wire  of  the  closed  circuit.  Usually  a  coil 
with  an  iron  core  (electromagnet)  is  used  to  produce  the  induction. 
It  is  called  then  the  jjrimary  coil,  or  simply  *"*  primary.''  The  closed 
circuit,  or  the  circuit  under  induction,  is  then  called  the  secondary 
coil,  or  "  secondary." 

Current  may  be  induced  in  the  secondary  by  any  of  the  following 
methods : 

1.  By  moving  either  the  primary  or  secondary  while  current  is 
flowing  in  the  primary. 

2.  By  making  or  breaking  the  primary  circuit. 

3.  By  altering  the  current  in  the  primary. 

4.  By  reversing  the  direction  of  current  in  the  primary. 

5.  By  moving  the  iron  core  while  current  flows  in  the  primary. 

ELECTROSTATIC    INDI  CTIOX. 

It  has  been  found  that  an  insulated  conductor,  such  as  a  sheet  of  tin, 
an  aerial-line  wire,  or  a  cable  conductor,  has  the  property  of  receiv- 
ing an  electrostatic  charge  w^hen  subjected  to  an  electromotive  force. 
If,  for  instance,  a  conductor  of  the  type  mentioned  above  be  thoroughly 
insulated  and  one  terminal  connected  to  one  side  of  a  battery,  the  other 
side  of  wdiich  is  grounded,  a  certain  amount  of  electricity  will  flow 
into  the  conductor  and  appear  upon  its  surface  as  an  electrostatic 
charge,  and  the  potential  of  the  conductor  will  be  raised  to  that  of  the 
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battery.  The  conductor  in  this  condition  is  said  to  be  charged  and 
holds  an  amount  of  electricity,  depending  upon  its  capacity.  The 
charge  is  of  the  same  polarity  as  the  terminal  of  the  battery  to  which 
the  conductor  is  connected. 

Experiment  has  determined  that  a  cliarge  can  not  exist  on  a  con- 
ductor except  there  be  an  ecpial  and  opposite  charge  induced  upon 
the  bodies  surrounding  it.  and  this  second  induced  charge  is  always  of 
opposite  polarity  to  that  of  the  first  charge.  If  now  the  conductor  be 
connected  to  the  ground  it  will  lose  its  charge,  but  the  charge  of  op- 
posite sign  on  the  surrounding  bodies  will  still  be  held,  although 
having  no  connection  with  the  first  body  or  with  the  source  of  electro- 
motive force.  This  action  by  which  bodies  are  charged  through  an 
insulating  medium  constitutes  electrostatic  induction,  and  the  ar- 
rangement of  two  insulated  conductors  se{)arate(l  by  an  insulated 
medium  constitutes  a  condenser.  The  most  common  type  of  con- 
denser is  the  Leyden  jar,  in  Avhich  the  insulated  conductors  are  sheets 
of  tin  foil,  one  placed  on  the  outside,  the  second  on  the  inside  of  the 
glass  jar,  the  latter  forming  the  insulating  medium  or  dielectric,  as  it 
is  commonh'  called.  The  capacity  of  the  condenser,  or  its  ability  to 
receive  an  electric  charge,  varies  in  direct  proportion  to  the  area  of 
its  plates  inversely  as  the  square  of  the  distance  between  the  plates 
and  directly  as  the  specific  inductive  capacity  of  the  dielectric. 
Where  air  is  used  as  the  dielectric,  this  latter  quantity  is  unity.  The 
substances,  other  than  air.  ordinarily  used  as  dielectrics  have  a 
specific  inchictive  capacity  of  two  to  three  times  as  great  as  that  of 
air.  Condensers  used  for  telephone  purposes  where  it  is  necessary 
to  obtain  considerable  capacity  in  very  limited  space  are  commonly 
built  up  of  alternate  layers  of  tin  foil  and  paraffined  paper  tightly 
pressed,  so  as  to  bring  the  layei's  of  tin  foil,  which  comprise  the  plates, 
as  close  together  as  possible.  The  condenser  is  very  extensively  used 
in  telegrai)h  and  telephone  work  as  a  means  of  allowing  alternating 
or  pulsating  currents  to  pass  while  preventing  the  flow  of  direct  cur- 
rents; this  is  the  direct  opposite  of  the  fimctions  of  an  impedance  coil, 
which  opposes  a  very  high  resistance  to  variable  currents  while  offer- 
ing little  resistance  to  the  flow  of  direct  current. 

PI{IN(  II'LK  OF    rilK   TRANSFORMER. 

An  induction  coil,  or  transformer,  consists  of  two  independent  coils 
wound  on  the  same  iron  core  and  insulated  from  each  other  and  from 
the  core.  Alternating  or  interniijted  currents  in  one  of  the  coils 
(called  the  primai'v)  ])r()duce  a  variable  nuniboi-  of  lines  of  magnetic 
force  in  the  iron  coi-e  and  thus  currents  are  induced  in  the  other  coil 
(secondary),  so  that  any  E  M  F  that  may  be  applied  to  the  primary 
mav  be  changed  to  a  hiLdier  or  lower  one  in  the  secondarv.    The  ratio 
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of  primary  to  secondary  E  M  F  is  equal  to  the  ratio  of  the  turns  in 
the  two  coils.  For  example,  if  there  are  10  turns  in  the  primary  and 
100  turns  in  the  secondary,  the  induced  E  M  F  will  be  ten  times 
greater  than  that  used  in  the  primary.  When  a  low  E  M  F  in  the 
primary  is  changed  to  a  higher  one  in  the  secondary  coil,  the  latter 
loses  in  current  strength  wdiat  it  gains  in  pressure.  For  example  in 
the  above  case,  if  there  is  1  ampere  current  at  10  volts  pressure  in 
the  primary  and  the  E  M  F  of  the  secondary  is  100  volts,  only  0.1 
of  an  ampere  of  current  would  be  flowing  through  the  latter.  This 
assumes  that  there  are  no  losses  in  the  transformer.  This  principle 
is  made  use  of  to  generate  very  high  electromotive  forces  capable  of 
breaking  down  an  air  gup  like  the  spark  gap  used  in  wireless 
telegraphy. 


Chapter  II. 
BATTERIES. 

There  are  two  classes  of  batteries,  viz,  primary  and  secondary  bat- 
teries, the  latter  class  being  sometimes  known  as  storage  batteries,  or 
accumulators. 

PRIMARY    BATTERIES. 

Primary  batteries  are  divided  into  two  groups  known  as  closed 
circuit  and  open  circuit  batteries. 

Cosed  circuit  cells  are  adapted  for  supplying  current  continuously 
until  the  energy  of  the  chemicals  is  nearly  expended. 

Open  circuit  cells  are  used  for  intermittent  service  where  power  is 
required  only  for  short  intervals  of  time,  such  as  in  electric  bells. 
Open  circuit  cells  kept  in  continuous  service  for  some  time  become 
exhausted,  but  will  recuperate  on  open  circuit. 

The  dry  battery  is  an  excellent  example  of  the  open  circuit  type. 

CLOSED    CIRCUIT    BATTERIES. 

The  gravity.  Fuller,  and  Edison  are  types  of  closed  circuit  cells. 
Useful  data  on  the  above  types  of  cells  are  given  in  the  following 
table : 


Type  of  cell. 

Voltage. 

Weight.      ,^"S^> 

Gravity 

1.00 
2.00 
.67  1 

1 

Pounds.          Ohm^. 
llj                3.0 

Fuller 

12  1                 .2 

Edison  primary , 

11                    .07 

GRAVITY    CELL. 

This  is  the  form  of  primary  cell  most  extensively  used  in  telegraph}' 
and  telephony  when  a  small  l)ut  constant  current  is  required.  The 
usual  form  is  shown  in  figure  1.  consisting  of  a  glass  jar  about  8  inches 
high  and  (»  inches  in  diameter.  In  the  bottom  are  placed  three  strips 
of  sheet  copper,  riveted  together,  as  shown,  with  a  rubber  insulated 
Avire  attached  to  one  of  the  strips.  There  are  many  forms  of  zincs, 
but  the  '*  crowfoot "  is  now  almost  universallv  used. 
16 
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To  set  up  the  cell,  place  about  3  pounds  of  bluestone  (sulphate  of 
copper)  in  the  cell  after  putting  in  the  copper,  then  hang  the  zinc 
and  fill  with  water.  The  bluestone  should  be  allowed  to  settle  with- 
out any  attempt  to  dissolve  it  by  stirring  or  other  means.  The  cell 
or  cells  are  then  "  short-circuited  "  (zinc  and  copper  connected  to- 
gether) and  allowed  to  stand  several  days.  By  that  time  part  of  the 
bluestone  will  have  dissolved,  the  blue  line  being  well  defined. 
Above  this  will  be  a  clear  solution  of  sulphate  of  zinc,  formed  by  the 
action  of  the  battery,  the  sulphate  of  zinc,  being  of  less  specific  grav- 
ity than  the  copper  sulphate  solution,  will  remain  on  top  if  the  cell 
is  not  shaken  or  stirred  up.     The  battery  may  now  be  put  into  service. 

If  in  a  hurry  for  the  cell,  it  may  be  started  off  at  once  by  stirring 
up  about  a  tablespoonful  of  salt  with  the  water  before  pouring  it  into 
the  cell ;  but  this  method  is  apt  to  make  a 
battery  dirty  and  considerably  shorten 
its  period  of  usefulness.  Any  long,  dark 
masses  forming  on  the  lower  part  of  the 
zinc  should  be  removed  with  a  stick. 
The  zinc  sulphate  solution  will  grow 
stronger  and  stronger,  until  finally  the 
white  salts  will  begin  to  creep  or  climb 
up  the  sides  of  the  jar  and  the  zinc.  As 
they  will  corrode  the  connections  and 
cause  dirt  and  loss  of  insulation  around 
the  cells,  they  should  be  removed.  Much 
of  the  trouble  will  be  obviated  if,  as  soon 
as  they  appear,  part  of  the  zinc  sulphate 
solution  is  drawn  off  with  a  battery 
syringe  or  a  siphon  made  of  bent  glass 
tube,  and  water  put  in  its  place.  If  the 
upper  parts  of  the  cells  are  warmed  and  smeared  with  paraffin,  it 
will  help  matters.  But  the  best  plan  of  preventing  evaporation 
and  creeping  of  salts  is  to  use  a  good  quality  of  paraffin  or  lubri- 
cating oil,  pouring  on  a  layer  about  one-fourth  inch  thick  as  soon 
as  the  cells  are  set  up.  In  cleaning  cells  after  that  wet  cotton 
waste  clipped  in  sand  will  clean  the  zincs,  etc.,  of  the  adhering  oil. 
The  local  batter3\  being  much  harder  worked,  requires  renewing 
about  every  six  weeks;  a  main-line  battery  will  usualh^  stand  from 
four  to  six  months.  As  soon  as  the  blue  solution  goes  down  below 
the  level  of  the  copper,  more  bluestone  should  be  added.  Corrosion 
of  the  connections  of  the  zincs  with  their  wires  should  be  carefully 
looked  after.  It  is  better  to  have  routine  inspections  of  batteries 
made,  and,  if  possible,  instrumental  tests,  made  with  the  voltmeters 
(figs.  165  to  174)  or  voltammeters  (fig.  191)  furnished  for  that  pur- 
60240°— 11 2 
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pose,  should  be  carefully  recorded.  By  this  means,  deterioration  may 
be  accurately  noted  and  many  annoyances,  breakdowns,  and  delays 
Avhich  are  frequently  due  to  neglect  and  lack  of  regular  inspection 
of  the  batteries  may  be  avoided. 

The  internal  resistance  of  a  gravity  cell  in  good  condition  will  be 
found  to  be  about  3  ohms,  its  E  M  F  1  volt. 


EUISOX    I'klMAKY    BATIKKY. 


This  battery  is  quite  extensively  issued  by  tlic  Signal  Corps  and  is 
known  as  the  tvj^e  Y  cell  (fig.  2).     The  signal  corps  tj'pe  V  cell  is  a 

slightly  modified  form  of  the  Edi- 
son Lalande  cell.  As  manufac- 
tured for  the  Signal  Corps,  it  has 
the  same  capacity  as  the  old  Edison 
Lalande  cells,  but  its  enameled  steel 
jar  is  slightly  conical,  enabling  the 
cells  to  be  nested  together  for  trans- 
portation. The  caustic  soda  and 
oil  for  each  cell  are  issued  in  tin 
cans,  so  that  there  is  nothing  that 
Avill  not  stand  transportation. 
This  cell  has  a  very  low  internal 
resistance  (not  exceeding  one- 
eighth  ohm)  and  will  remain  set 
up  on  open  circuit  for  a  long  time 
without  injury.  It  will  bear  con- 
siderable transportation  Avhen  set 
up  if  handled  with  care.  It  has  a 
capacity  of  alioiit  one  hundred  and 
fifty  ampere  hours,  which  means  that  it  will  furnish  about  two  hun- 
dred and  ten  days'  continuous  service  on  a  main  line  where  the  current 
is  30  milliamperes  and  forty  days'  service  as  a  local  when  the  current 
is  about  O.IG  ampere. 

It  gives  but  0.67  volt  E  M  F  in  steady  work.  For  main-line  use, 
about  14  cells  P^dison  batter}^  are  needed  to  replace  10  bluestone,  but 
owing  to  its  loAver  internal  resistance  one  cell  of  Edison  will  give  more 
current  as  a  local  cell  with  the  4-ohm  sounder  than  a  bluestone  cell. 

The  following  complete  directions  for  setting  up.  management,  and 
renewal  of  these  cells  are  furnished  by  the  company  manufacturing 
them : 
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Directions  for  Setting  up  axd  I'sing  Edison  Primary  Batteries,  Formerly 
Known  as  Edison  Lalande  Cell  Type  V. 

TO  charge  and  connect  batteries. 

To  •make  solution. — Fill  the  cells  with  water  to  1^  inches  of  the  top  on  the 
iiLside. 

Add  the  caustic  soda  gradually  to  the  water,  stirring  until  the  soda  is  entirely 
dissolved. 

When  the  solution  cools,  more  water  should  be  added  to  bring  it  up  to  lA 
inches  of  the  top.  Then  pour  contents  of  bottle  of  heavy  paraffin  oil  from  bottle 
furnished  on  the  solution  to  each  jar. 

Note  1. — The  caustic  soda  will  burn  the  skin  and  clothes.     In  stirring 
•the  liquid  avoid  splashing  it. 

To  set  up  cells. — Unscrew  the  nut  A'  and  the  jamb  nut  .1/  from  the  screw-  on 
the  brass  neck  of  the  double  zinc  plate  and  remove  the  leather  washer.  Pass 
the  screw  from  below  through  the  central  hole  in  the  cover  C.  Replace  the 
leather  washer  and  the  jamb  nut  M  on  the  screw  and  tighten  down  the  jamb 
nut  until  the  zinc  plate  is  rigid  to  the  co^•er.  The  thumb  nut  N  can  then  be 
screwed  on. 

Unscrew  the  nuts  A  A  and  jamb  nut  D  from  the  screws  on  the  two  side  pieces 
B  B  of  the  copper  frame,  leaving  the  flat  leather  washers  in  position  on  the 
screws,  and  pass  the  screws  from  below  through  the  two  round  holes  in  the 
cover  C.  Replace  the  jamb  nut  on  one  of  the  screws  and  one  of  the  thumb  nuts 
on  the  other  screw,  and  tighten  both  down  until  the  frame  sides  are  rigidly 
clamped  to  the  cover.  Replace  the  other  thumb  nut  on  the  screw  holding  jamb 
nut.  Then  slip  the  hard  rubber  insulating  tubes  E  E  over  the  sides  of  the  frame, 
one  on  each  side. 

To  fill  copper  frames. —  ( In  this  cell  only  one  oxide  plate  is  used.  See  fig.  2.1 
Slide  the  oxide  plate  /'  sufficiently  far  into  the  frame  to  enable  the  copper  bolt 
(J  to  be  passed  underneath  it  through  the  slots  in  the  bottom  of  the  frame  sides 
and  the  copper  nut  //  tightened  up  on  same. 

Be  careful  that  the  zinc  plates  do  not  touch  the  copper  oxide  i»lates  or  the 
cell  will  be  short-circuited. 

The  copper  connection  is  made  between  the  thumb  nut  ,1  and  the  jamb  nut  1> 
on  one  end  of  the  copper  frame  and  the  zinc  connection  between  the  thumb  nut  A' 
and  the  jamb  nut  M  on  the  brass  bolts  suspending  the  zincs. 

After  the  oxide  and  zinc  plates  are  properly  connected  to  the  cover,  as  above, 
soak  them  in  water  and  while  still  wet  insert  in  jar  filled  with  caustic  solution. 

(Wetting  the  plates  prevents  the  oil  in  jar  from  adhering  to  them.) 

Important. — In  order  to  allow  the  cover  on  the  jar  to  fit  easily,  it  is  advisable 
to  wet  the  rubber  gasket  ring  fitting  into  the  grooved  edge  of  the  cover  by 
placing  it  in  water.  This  will  cause  the  cover  to  slip  on  easily  and  will  make 
the  cell  liquid  tight. 

It  is  absolutely  necessary  that  the  upper  edge  of  the  oxide  plates  shouhl  be 
submerged  at  least  1  inch  below  the  surface  of  the  caustic  soda  solution  in  tiie 
jar;  also  on  no  account  can  the  layer  of  oil  on  top  of  the  solution  be  omitted. 

RENEWING. 

When  the  cell  becomes  exhausted  the  solution  and  the  remains  of  the  zinc 
and  oxide  plates  must  be  thrown  away.  The  remaining  parts  can  lie  used 
again. 
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TO   TAKE   THE   CELLS   APART. 

Lift  the  lids,  unscrew  the  bolts,  aud  I'eruove  the  ziucs  and  oxide  plates.  Wash 
off  (with  water)  the  copper  frames,  bolts,  and  rubber  insulators,  brightening 
up  the  metal  where  corroded,  with  emery  pai)er.  especially  the  inside  grooves 
of  the  copper  frame  sides.  Pour  away  the  solution  carefully  aud  set  up  cells 
with  new  caustic  soda,  oxide  i)lates,  and  zincs  according  to  directions. 

Note. — In  taiving  the  cells  apart,  the  parts  that  have  been  immersed  in 
the  caustic  8(Kla  must  be  waslu'd  Iicfore  they  arc  liandhHl. 

to  ascertain  if  the  oxide  plates  are  exhausted. 

Pick  into  the  body  of  the  oxide  plates  with  a  sharp-pointed  knife.  If  they 
are  red  throughout  the  entire  mass,  they  are  completely  exhausted  and  need 
renewing.  If,  on  the  contrary,  there  is  a  layer  of  black  in  the  interior  of  the 
plate,  there  is  still  some  life  left,  the  amount  being  dependent  entirely  upon 
the  thickness  of  the  layer  of  black  oxide  still  remaining. 

COPPER    FRAMES. 

When  renewing  the  battery  it  is  desirable  to  clean  the  inside  grooves  of  the 
copper  frames,  where  the  copper-oxide  plates  make  contact,  so  as  to  insure  a 
good  electrical  connection.  This  is  especially  imimrtant  where  the  batteries 
are  required  to  give  a  heavy  current  for  cautery  or  motor  purposes.  These 
fi-ames  can  be  easily  cleaned  by  wrapping  a  small  piece  of  emery  paper  round  a 
stick  which  will  just  fit  into  the  groove,  or  by  immersing  them  in  a  dilute 
solution  of  1  part  of  sulphuric  acid  and  4  parts  water,  and  then  carefully  rins- 
ing them  in  clean  water  to  remove  all  traces  of  the  acid. 

Caution. — The  oxide  plates  should  never  be  removed  from  the  caustic  soda 
solution  and  allowed  to  dry  in  the  air.  as,  if  this  is  done,  the  surface  of  the 
plates  becomes  oxidized  by  absorbing  the  oxygen  from  the  air,  and  the  oxide 
thus  formed  is  much  more  difficult  of  reduction  than  the  original  oxide  of 
which  the  plates  are  formed.  The  internal  resistance  is  consequently  very 
greatly  increased  and  the  current  materially  diminished. 

Note. — Where  batteries  are  placed  in  warm  places  they  should  be  exam- 
ined every  two  or  three  months  to  see  that  the  solution  has  not  evaporated. 
as  this  will  gradually  take  place,  in  spite  of  the  oil,  if  they  are  in  a  hot 
room.  If  the  solution  is  found  to  have  evaporated,  add  more  water  to 
bring  it  again  to  the  proper  height.  It  is  of  the  first  importance  that  all 
binding  posts  and  connecting  wires  sliould  l»e  kept  clean  and  bright  at  the 
points  of  connection. 

fuller  battery. 

This  belonirs  to  the  ohiss  popularly  called  "  acid  battei'ies."  The 
cell  has  a  high  electromotive  force,  a  comparatively  low  internal 
resistance  (0.5  ohm),  and  is  much  used  as  transmitter  battery  on  long- 
distance or  heavily  worked  telephones.  Its  only  disadvantage  is 
that  it  uses  a  corrosive  solution  containing  suljihuric  acid,  necessi- 
tating much  care  in  handling.  It  consists  of  a  glass  jar  about  S 
inches  high  and  6  inches  in  diameter,  with  a  wooden  cover  treated 
Avith  asphaltum  or  P.  &  B.  paint  (fig.  :^).  This  supports  a  carbon 
plate  about  4  inches  wide,  9  inches  long,  and  one-fourth  inch  thick. 
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with  the  top  coated  with  paraffin  to  prevent  the  corrosion  of  the 
connection  by  the  acid.  In  the  jar  stands  an  earthenware  porous 
cup  7:^  by  3  inches,  in  the  bottom  of  which  is  placed  about  2  ounces  of 
mercury.  In  this  stands  a  conical  zinc,  into  which  is  cast  a  copper 
wire  extending  out  at  the  top.  In  the  glass  jar  is  placed  the  ''  elec- 
tropoion  "  solution,  made  by  slowdy  adding  1  pound  of  strong  sul- 
phuric acid  to  9  pounds  of  distilled  water,  and  then  stirring  in  3 
pounds  of  pulverized  bichromate  of  potash  or  2^  pounds  of  bichro- 
mate of  sodium.  This  last  is  preferable,  as  the  crystals  formed  in 
the  action  of  the  cell  are  not  so  hard  and  insoluble  as  those  produced 
by  the  potash.  In  the  porous  cell 
with  the  zinc  and  mercury  is  placed 
w'ater  in  which  about  a  tablespoonful 
of  salt  has  been  dissolved.  This  cell 
Avill  usually  require  little  attention 
for  three  or  four  months.  When  the 
solution  assumes  a  muddy  bluish  tint, 
it  is  about  exhausted. 

If  the  cojDper  wire  at  its  junction 
with  the  zinc  is  covered  with  paraffin 
or  ozite,  or  if  the  cupper  wire  is  well 
amalgamated  b}^  rubbing  with  mer- 
cury after  dipping  it  into  acid,  the 
wire  does  not  tend  to  be  eaten  off  at 
the  junction,  as  it  otherwise  does 
under  heavy  service.  The  Signal 
Corps  issues  the  materials  for  the 
solution  in  dry  form,  which  when 
dissolved  form  the  electrolyte.  This 
is  purchased  under  various  commercial  names  as  chromac,  voltac, 
chromite,  salts,  etc,  the  first  being  the  usual  designation.  It  is 
packed  in  tin  cans  wuth  thin  cutout  top  containing  1  pound,  Avhich 
is  the  amount  for  one  charge.  Full  directions  for  using  are  marked 
on  each  can. 

The  carbon  of  this  cell  lasts  indefinitely,  but  should  be  soaked  in 
warm  water  when  renewals  are  made.  The  zinc  may  last  through 
several  renewals  of  the  electropoion  fluid.  The  mercury  should  be 
saved  and  used  repeatedly. 

The  following  table,  quoted  from  Abbott's  Telephony,  indicates  the 
effect  of  age  on  efficiency  of  transmission  Avith  the  P'uller  cell. 


Fig.  3. 
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Two-cell    fuller    ln.lli  rti. 


Volume  of 

Age. 

transmis- 

sion. 

Dam. 

Per  cent. 

20 

92 

30 

88 

40 

81 

50 

80 

60 

76 

70 

70 

80 

62 

90 

54 

I'^rom  this  it  would  ni)pcar  thai  llie  cells  iiiiist  be  renewed  at  least 
once  in  three  months  when  used  on  a  telephone  transmitter. 

OPEN     CUJCUIT     BATTERIES. 

Dry  cells. — The  dry  battery  is  being"  very  extensively  used  in  con- 
nection Avith  signal  corps  field  and  fire  control  telephone  work. 
While  all  cells  of  this  iypQ  conform  in  general  to  the  following  de- 
scription, it  is  found  that  different  makes  vary  widely  in  efficiency. 
In  order  to  demonstrate  the  comparative  merits  of  each  make,  a  care- 
ful life  test  is  undertaken  annually  in  the  signal  corps  laboratorj', 
Washington,  D.  C,  the  results  of  which  determine  approved  makes 
of  cells  for  the  coming  year. 

The  dry  battery  is  a  form  of  sal-ammoniac  battery  in  Avhich  the 
zinc  constitutes  both  the  containing  vessel  and  negative  element,  do- 
ing awav  with  the  breakable  expensive  glass  cell.  Some  absorbent 
porous  material  fills  the  space  between  the  carbon  in  the  center,  with 
its  depolarizing  mixture  around  it,  and  the  zinc  vessel.  This  porous 
material  is  saturated  with  a  solution  containing  chloride  of  zinc  and 
salannnoniac.  and  a  top  of  asphalt  or  similar  material  is  put  on. 
Binding  posts  for  zinc  and  carbon  and  a  })asteb()ard  cover  to  jn-event 
short-circuiting  of  adjacent  cells  complete  this  convenient  form  of 
battery.  AMien  these  are  of  reasonable  size  (say  not  less  than  -JO  cubic 
inches  in  volume),  are  carefully  nuide.  and  pro])erly  stored,  they  are 
fairly  reliable.  They  can  not,  like  the  wet  batteries,  be  renewed,  but 
their  chea[)ness  offsets  this.  A  short  run  of  usefulness,  after  they  are 
exhausted  and  can  not  be  replaced,  may  be  obtained  from  the  cells 
in  this  way :  Punch  a  number  of  holes  through  them  and  use  these 
dry  cells  as  elements  in  a  wet  cell  by  placing  them  in  jars  with  a 
solution  of  salammoniac.  A  salt  solution  may  be  used,  but  is  not 
so  good. 

The  results  of  field  Avork.  supplemented  by  the  regular  battery  tests, 
have  demonstrated  that  the  round  type  of  dry  cell  is  more  efficient 
than  the  rectangular  type.  This  is  due  to  the  uniform  distribution 
of  the  active  material  with  resj^ect  to  the  elements  in  the  former  type 
of  cell. 
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RESERVE   TYPE   DRY    CELL. 

The  ordinary  type  of  dry  cell  deteriorates  if  kept  long  in  storage, 
even  though  not  in  use.  To  provide  a  type  of  dry  cell  which  could  bf^ 
kept  in  storage  without  deterioration,  the  Signal  Corps  issues  a  dry 
cell  known  as  the  "  reserve  type,"  shown  in  figure  4.  This  cell, 
although  containing  all  the  elements  and  ingredients  of  an  ordinary 
dry  cell,  does  not  become  active  until  water  has  been  poured  into  an 
interior  cavit}^  of  the  cell.     To  place  the  cell  in  service,  remove  the 


No.6 
"RESERVE" 


No.5 
"RESERVE" 

Fig.  4. — Reserve  dry  cells. 


No.4-0. 
"RESERVE" 


plug  from  the  top  of  the  carbon  element  and  fill  with  water  (rain  water 
preferred).  As  soon  as  this  is  absorbed,  fill  again,  and  repeat  until  it 
will  take  no  more  water,  then  throw  out  the  excess  water  from  the 
carbon  element,  replacing  the  plug,  and  the  cell  is  ready  for  use. 
When  the  cell  becomes  weak  from  use,  a  little  sal-ammoniac  solution 
placed  inside  the  carbon  element  will  rejuvenate  the  cell  to  some 
extent. 


24 


ELECTRICAL   INSTRUMENTS  U.   S.    SIGNAL    CORPS. 


DRY  CELLS   FOR  CAVALRY  HUZZKKS. 


A  special  type  of  dry  cell  is  issued  for  use  in  cavalry  buzzers.  This 
cell  differs  from  the  other  types  of  dry  cells  issued  by  the  Signal 
Corps  only  in  the  shape  of  the  c(>ll.     Each  l)attery  contains  two  rec- 


^ Carbon     ^ZJpr 


fbper 


Fig.  5. — Cavulrv  hiizzcr  dry  coll. 


tangular  cells  combined  in  one  package,  as  shown  in  figure  ."i.  giving 
a  voltage  of  about  2.9.  The  two  cells  are  connected  in  series  beneath 
the  cover  and  two  terminal  posts  are  exposed  for  making  connection 
with  the  proper  contacts  in  the  cavalry  buzzer. 
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DRY    CELL   FOR   FIELD    ARTILLERY   TELEPHONE. 

The  ^'  Ever  Ready  "  type  of  dry  cell  is  used  for  the  field  artillery 
telephone.  The  cells  are  small  cylinders  and  are  grouped  into  bat- 
teries by  superimposing  cells,  one  upon  the  other,  in  a  stiff  paper  tube; 
a  small  battery  of  high  voltage  is  thus  obtained,  as  each  cell  gives 
about  1.5  volts.     Two  cells,  U  by  3  inches,  are  assembled  to  make  the 

complete  battery.  ^     i      ^  -,  .-      r^ 

Dry  cells  in  good  condition  have  a  voltage  of  about  1.4d.  ilie 
internal  resistances  and  weights  of  the  various  types  are  about  as 
follows : 


Size. 

Internal 
resistance. 

Weight. 

Ohms. 

Ounces. 

4-0 

0.25 

lU 

4 

.'2b 

9 

5 

.20 

IS 

6 

.20 

32 

.12 

56 

8 

.10 

SO 

4-0,  reserve 

.29 

lU 

5 

22 

JS 

6 

.19 

32 

Cavalrv  buzzer  battery 

.35 

29 

Field  artillery  telephone 

.40 

H 

battery 

Dry  cells  of  the  number  and  size  of  the  following  table  are  issued 
with  instruments  in  all  cases  except  the  composite  artillery  type 

telephone : 

Alloivancc  of  dry  cells  required  hij  instrument.^. 


Instrument. 


L.  B.  post  telephone  switchboards 

Portable  field  telephone  switchboard. 


L.  B.  telephones  for  post  use  •-■••-■■  ■  •  ■  ■  • 

Field  telephones,  models  ot  1905  and  190b 

Field  buzzers 

Cut-in  telephones ■ 

Service  telephones,  (folding-box  pattern) ■ 

Induction  field-telegraph  set ;  i  gpecTal 

Cavalrv  buzzer - No.  4-0,  reserve.. 

Field  artillery-type  telephone     . ^^^^  ready 

Field  artillery  telephone,  model  1910 


Type  of  cell. 


Num- 
ber of 
cells. 


No.  8,  reserve 

|No.  6,  reserve 

\No.  4-0,  reserve... 

No^6,  reserve 

....do 

No.  4-0,  reserve . . 

....do 

No.  6,  reserve 

No.  5,  reserve 


(a) 


2 
2 
2 
2 
5 
4 
2 
4 

bl 
2 

61 


«  Supply  only  when  directed. 


"  One  unit  consisting  of  two  special  cells. 


GROUPING  OF  CELLS. 


^Yhen  it  is  necessary  to  cause  a  certain  current  to  flow  through  a 
considerable  resistance,  as  a  long  telegraph  line,  for  instance,  the 
necessary  E  M  F  is  obtained  by  connecting  cells  m  series— that  is.  me 
copper  of  one  cell  to  the  zinc  of  the  next,  and  so  on  until  the  requisite 
EM  F  is  obtained,  the  relatively  small  increase  of  the  total  resistance 
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due  to  the  internal  resistance  of  the  cells  being  of  little  effect.  The 
total  voltage  is  the  sum  of  the  voltages  of  all  the  units  so  connected. 
But  Avhen  it  is  desired  to  get  a  certain  current  through  a  low  resist- 
ance, another  grouping  must  be  made.  The  internal  resistance  of  the 
ordinary  gravit}'  cell  is  about  3  ohms.  And  with  its  one  volt  E  M  F 
the  current  through  a  short  thick  wire  of  no  appreciable  resistance 
connecting  its  poles  will  be  one-third  ampere.     And  if  Ave  liave  100 


Fig.  6. 

cells  in  series  and  connect  the  terminals  of  the  entire  battery,  we 
would  get  ^§1  ampere,  or  one-third  as  before.  For  any  number  of 
these  cells  in  series,  to  obtain  an  increased  current  through  low  ex- 
ternal resistance,  we  must  cut  down  the  internal  resistance  of  our 
battery.  This,  with  a  given  type  of  cell,  may  be  done  by  linking  them 
in  parallel — that  is,  by  connecting  all  the  zincs  together  and  all  the 
coppers  together  and  then  connecting  the  multiple  zinc  and  multiple 


Fig.  7. 

copper  thus  obtained  to  the  low  external  resistance.  The  E  M  F  of 
the  battery  remains  the  same  as  that  of  one  cell,  but  the  current  out- 
put is  now  equal  to  the  sum  of  the  current  capacities  of  all  the  units 
so  connected.  The  two  diagrams  (figs.  (>  and  7)  illustrate,  first,  four 
cells  connected  in  series;  the  second,  four  cells  in  i)aral]el. 

In  the  first  case  we  should  get  a  current  of  ts=\,  ampere  through 
our  short  circuit:  and  in  the  second  case.  6'=l-^f=|  ampere. 
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SECONDARY    BATTERIES. 

Secondary  batteries  in  the  form  of  storage  batteries,  or  accnmii- 
lators,  are  used  by  the  Signal  Corps  to  supply  the  necessary  power  for 
telephone,  telautograph,  and  telegraph  installations  where  a  charg- 
ing circuit  is  available.  The  storage  battery  differs  from  the  primary 
battery  in  its  action  only  that,  when  it  has  given  out  all  the  energy 
the  chemicals  present  enable  it  to  supply;  instead  of  requiring  new 
elements  the  cell  can  be  regenerated,  or  brought  back  to  its  original 
charged  condition,  by  jiassing  a  current  into  it  in  a  direction  ojipo- 
site  to  that  in  which  the  flow  took  place  on  discharge.  Although 
there  are  many  obvious  combinations  which  can  be  used  for  storage 
batteries,  practically  all  those  in  commercial  use  and  all  those  in- 
stalled by  the  Signal  Corps  are  of  the  lead-sulphuric  acid  kind,  which 
in  its  basic  principle  consists  of  two  lead  plates  immersed  in  dilute 
sulphuric  acid. 

All  the  storage  batteries  erected  by  the  Signal  Corps  thus  far  are 
the  standard  types  of  commerce.  In  fire-control  installations  at  sea- 
coast  fortifications  15  cells  are  installed  as  a  battery  for  supplying 
current  for  telephone  systems;  GO  cells  are  installed  for  telautograph 
installations,  and  for  telephone  installations  at  interior  posts  12  cells 
are  installed  for  a  battery.  The  normal  E  ]M  F  of  a  storage  cell  while 
discharging  is  2  A'olts,  so  that  the  voltage  of  the  batteries  can  be  easily 
computed.  Storage  batteries  have  the  virtue  of  a  high  E  M  F  low 
internal  resistance,  cleanliness,  and  certainty  in  action,  making  them 
very  advantageous  to  use  where  the  necessary  charging  circuit  is 
available. 

The  principle  involved  in  the  storage  battery  is  the  change  pro- 
duced by  the  charging  current  which  alters  the  chemical  condition 
of  the  two  plates.  When  the  charging  current  is  discontinued  the 
cell  will  give  otf  a  current  in  the  reverse  direction  and  the  plates 
tend  to  resume  their  original  chemical  condition  when  discharged. 
The  positive  plate  will  be  known  by  its  chocolate  brown  aspect, 
whereas  the  negative  plates  are  gray.  The  frames,  or  grids,  of  the 
plates  for  lead  batteries  are  made  of  pure  lead  or  lead  alloy,  not 
readily  attacked  by  inert  sulphuric  acid.  The  positive  plate  is 
impregnated  with  lead  peroxide  and  the  negative  plate  with  pure, 
or  sponge  lead.  The  theory  of  the  chemical  action  of  the  cell  is 
that  on  charge  the  positive  plate  becomes  peroxide  of  lead  and  the 
negative  plate  becomes  pure  lead  and  on  discharge  both  plates  tend 
toward  the  condition  of  lead  oxide  (PbO).  Another  theory  ad- 
vanced is  that  sulphate  of  lead  is  made  on  both  plates  by  discharging 
and  that  during  the  charge  lead  peroxide  (PbO.)  is  formed  on  the 
positive  plate  and  pure  lead  (Pb)  on  the  negative  plate,  sulphuric 
acid  beinsT  set  free. 
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Ill  later  paragraphs  on  the  maintenance  of  storage  batteries  em- 
phasis is  laid  on  the  fact  that  storage  batteries  should  not  be  alloAved 
to  remain  in  a  discharged  state.  This  is  because  lead  oxide  immersed 
in  sulphuric  acid  Avill  be  chemically  attacked,  indej^endent  of  any 
current  flow,  and  change  into  lead  sulphate,  so  that  discharged  plates 
tend  to  take  on  a  coating  of  lead  sulphate,  a  nonconductor,  imparing 
the  efliciencv  of  the  cell  as  an  accumulator. 


Fig.  8. — Electric  Storaije  Battery  Company's  chloride  ceU. 

Various  methods  of  maiuifacture  are  used  to  givt-  the  plates  more 
current  capacit}' — that  is,  to  expose  more  reducible  peroxide  of  lead 
in  the  positive  and  spongy  lead  in  the  negative  plate  to  the  action  of 
the  electrolyte.  The  various  methods  of  manufacture  consist  in 
changing  the  form  of  the  grids  and  ditferent  methods  of  filling  them 
witli  the  oxides  and  spongy  j^ire  lead.  Inasmuch  as  neither  of  these 
have  any  mechanical  strength  in  themselves,  the  grids  or  frames  are 
necessary  to  nuike  up  a  suitable  electrode. 
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Different  makes  of  sloragv  batteries  are  used  by  the  Signal  Corps, 
but  to  date  all  those  used  are  of  the  lead  types  made  by  the  Electric 
Storage  Battery  Company,  known  as  the  "  Chloride^  "  battery;  those 
made  by  the  Willard  Storaoe  Battery  Company  and  known  as  the 


Fiu.  !t. — Willard  stornso  cell. 


"  Willard: ''  and  those  made  by  the  Gould  Storage  Battery  Company, 
known  as  the  ''  Gould  "  batteries.      (See  figs.  8,  9,  10.) 

Although  these  batteries  all  depend  on  the  same  chemical  action, 
the  different  mechanical  features  in  the  forms  of  grids,  spongy  lead, 
and  peroxide  of  lead  seem  to  give  the  several  l)atteries  characteristics 
that  require  different  procedure  in  their  erection,  initial  charge,  and 
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operation  and  maintenance,  and  the  methods  recommended  by  the 
ditferent  companies  as  aifecting  their  products  will  be  outlined 
hereafter. 


CLASS    COVKK 


sr:PA K ATOR  i; kt  \ i n i: i; 


P 


CON.NEtlOK 


COVKR 


WOOD    SEPARATOR 


■  ...  \.->    .lAU 

OAK    SANK    I'RAV    WITH    SAND 

GLASS    LNSL'I-AIORS 


Fig.  10.— Gould  storaKc  celL 

TABLK   OK   UATIN(iS. 

'J'he  ampere  liour  capacity  and  sizes  of  batteiio  ran  be  determined 
by  the  table  herewith,  coveriiio-  all  the  makes  and  types  of  storage 
batteries  u>ed  by  the  Signnl  C'(>i'i)s. 
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To  determine  the  normal  charge  and  discharge  rates  of  a  battery 
multiply  the  "  amperes  per  positive  plate  "  for  the  particular  type  in 
question  by  the  number  of  positive  plates  per  cell;  thus  for  a  type  F 
battery  of  13  plates  per  cell  (G  positives  and  7  negatives)  the  normal 
rate  is  GO  amperes. 


Size  of  plates,  not  including  lutrs 


Normal 
charge  rate 
(8  hours) 
per  posi- 
tive plate. 


Type. 


Gould.     Chloride.  Willard. 


3  by  4  inches 

5  by  5  inches 

6  by  8J  inches 

7J  by  7J  inches 

6  by  C  inches 

7J  by  7J  inches 

11  by  lOi  inches 

"  Two-plate  type 


Amperes, 
i 

U 
3 
•1,- 

5° 
10 


o\V 

aX 

a  Y 

a  Z 

M 

N 

O 


aBT 

aCT 

aPT 

lET 

D 

E 

P 


aCC 
oDC 
aBC 

a  EC 


EDISON    STORAGE  BATTERIES. 


Another  type  of  storage  battery,  which  is  not  considered  in  this 
chapter,  is  the  Edison  battery,  which  lias  recently  l3een  developed 
and  placed  on  the  market.  The  active  materials  are  oxides  of  nickel 
and  iron  in  the  positive  and  negative  electrodes,  respectively.  The 
grids  are  made  of  nickel-plated  steel,  and  the  electrolyte  is  a  solution 
of  caustic  potash  and  water.  These  cells  have  a  normal  E  M  F,  when 
fully  charged,  of  1.2  volts,  and  are  charged  at  about  1.7  volts. 
Although  not  as  efficient  as  the  lead  types  of  storage  battery,  they  are 
advantageous  for  vehicle  purposes,  as  it  is  claimed  the  output  per 
unit  of  weight  is  nearly  twice  that  of  lead  cells.  None  of  this  type  of 
batter}^  has  been  installed  by  the  Signal  Corps. 


INSTRUCTIONS  FOR  ERECTING  STORAGE  BATTERIES. 

Storage  batteries,  Avhen  received  at  storerooms,  should  be  placed 
in  a  dry  location  and  an  elfort  made  to  erect  the  batteries  as  soon 
as  possible  after  their  receipt.  AMien  unpacked  preparations  should 
be  made  to  handle  each  group  of  elements  as  a  unit.  Lift  the  con- 
tents out  of  the  boxes;  never  slide  them  out  by  turning  crate  on  its 
side.  Wood  separators  should  be  unpacked  as  soon  as  received  and 
not  allowed  to  dry  under  any  circumstances.  They  should  be  kept  in 
water  until  installed,  or  kept  damp  by  frequent  sprinkling.  After 
the  lead  elements  are  unpacked,  care  must  be  used  in  handling  so 
that  tlie  plates  and  lugs  will  not  be  bent  or  broken.  This  can  be 
done  by  lifting  the  plates  with  a  stick  under  all  the  lugs  of  each 
element,  which  can  then  be  lowered  carefully  in  the  jars.  Care  must 
be  used  to  prevent  breaking  the  tank  or  jar,  or  bending  the  plates  of 
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.su])poi-tiiig  lugs.  Types  of  storage  battery  racks  suitaljle  for  cells  of  the 
sizes  installed  b}'  the  Signal  Corps  are  shown  in  hgures  11  and  12. 
These  can  be  made  of  any  sound  timber  with  the  necessary  strength, 
which  can  be  secured  locally;  all  boltheads  carefully  puttied  over,  the 
whole  given  several  coats  of  acid-proof  paint.  The  rack  is  then 
located  in  its  permanent  position,  and  if  the  battery  room  has  an 
asphalt  floor,  pro\  ision  is  made  for  wide  bases  for  the  uprights  of 
the  rack  to  prevent  them  sinking  into  the  floor.  The  rack  should  be 
carefully  leveled  before  the  batteries  are  installed.  The  stringers 
must  be  of  sufficient  strength  to  support  the  cells  rigidly  and  per- 
fectly level.    The  insulators  should  be  placed,  and  the  wood  tanks  or 


Fia.  18. — End-coil  cabling — tdantoirrapli  storaw  battery. 

sand  trays  and  glass  jars  carefully  aligned,  care  being  taken  that 
they  do  not  touch  each  other.  If  bolt  connections  are  used,  they 
should  be  thoroughly  cleaned  by  scraping.  The  strap  lugs  should 
also  be  scraped  where  they  will  be  in  contact,  and  all  connections 
bolted  tight  and  then  painted  with  an  insulating  paint.  The  loads 
to  the  storage  battery  from  the  SAvitchboard  room  should  Iw^  lead- 
covered  cable  if  possible.  The  sheath  should  be  cut  back  about  8 
inches  from  the  terminal  lugs,  which  are  sAveated  on  by  heating  and 
filling  the  hole  with  melted  resin  solder  into  which  the  wire  is  forced 
after  being  carefulW  cleaned  and  tiuned.  The  insulation  and  theshank 
of  the  lug  is  then  carefull,v  taped  up  and  given  several  coats  of  acid- 
proof  paint.     AVhere  the  lead  rises  from  the  floor  loricated  conduit 
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can  be  installed  to  protect  it  from  injury.  Lead-covered  cable  should 
be  used  as  couplings  between  adjacent  banks  of  batteries  and  should 
be  thoroughly  painted.  End-cell  cabling  should  be  run  in  a  sym- 
metrical manner  through  porcelain  cleats  by  which  the  cables  are 
carried  to  the  point  to  which  they  are  to  be  connected  (see  figure  13). 
The  sand  trays  and  sand  must  be  carefully  dried  before  being  installed. 
The  trays  can  be  dried  by  ordinary  methods,  but  the  sand  must  be 
baked  for  a  sufficient  time  to  insure  that  all  moisture  has  been  ex- 
pelled. Before  commencing  the  initial  filling  of  the  jars  with  electro- 
lyte, if  wood  separators  are  used,  they  should  be  installed  and  ar- 
rangements should  be  made  to  do  the  work  rapidly.  Sufficient  glass 
or  earthenware  jars  must  be  available  so  that  several  men  can  carry 
and  empty  the  electrolyte,  and  a  platform  erected  upon  which  the 
carboj's  can  be  tipped  and  handled  with  safety.  It  is  essential  that 
the  electrolyte  be  kept  clean  during  this  process,  and  every  precaution 
should  be  taken  to  that  end.  Electrolyte  of  the  proper  specific  grav- 
ity is  furnished  with  each  battery  by  the  maker.  Care  should  be 
taken  to  ascertain  that  a  sufficient  amount  of  electrolyte  of  the  correct 
specific  gravity  is  available  before  the  filling  is  commenced.  It  should 
be  known  Avith  absolute  certainty  that  the  required  power  for  the 
necessary  length  of  time  will  be  available  before  an  initial  charge  is 
commenced.  The  maximum  voltage  available  for  charging  should 
be  at  least  2.75  volts  for  every  cell  to  be  charged,  and  the  amperage 
available  that  required  by  the  type  of  cell. 

OPERATION    AND    MAINTENANCE. 

A  storage  battery  will  give  very  little  trouble  if  the  instructions 
for  its  operation  and  maintenance  are  faithfully  followed. 

The  following  general  instructions  are  recommended  by  the  several 
manufacturing  companies  for  the  operation  and  care  of  the  storage 
cells  manufactured  by  them,  in  telautograph,  telegraph,  and  telephone 
service : 

INITIAL  CHARGE. 

It  is  of  the  utmost  importance  that  the  initial  charge  he  complete  in  every 
respect  before  the  battery  is  put  into  service. 

Before  the  electrolyte  is  put  into  the  cells,  the  circuits  connecting  the  battery 
with  the  charging  source  must  be  complete  and  of  the  proper  polarity.  The 
positive  pole  of  the  charging  source  nnist  be  connected  with  the  positive  end  of 
the  battery.  The  positive  plates  are  of  a  brownish  color,  the  negative  of  a 
light  gray.  Charging  in  the  reverse  or  wrong  direction  will  seriously  injure  the 
battery.  If  a  suitable  voltmeter  is  not  at  hand,  the  polarity  may  be  determined 
by  dipping  two  wires  from  the  charging  terminals  into  a  glass  of  water  to  which 
a  teaspoonful  of  table  salt  has  been  added,  care  being  taken  to  keep  the  ends  at 
least  an  inch  apart  to  avoid  danger  of  a  short  circuit;  as  an  extra  precaution, 
a  lamp  may  be  inserted  in  one  leg  of  this  circuit.  Fine  bubbles  of  a  gas  will  be 
given  off  from  the  negative  pole. 
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As  a  guide  in  following  the  progress  of  the  charge,  readings  of  the  current, 
specific  gravity,  and  voltage  should  be  talieu  and  recorded  at  not  greater  than 
half-hour  intervals.  The  gassing  should  also  be  watched,  and  if  any  cells 
are  not  gassing  or  are  not  gassing  as  much  as  the  surrounding  cells,  they  should 
be  carefully  exjimined  and  the  cause  of  the  trouble  removed. 

The  temperature  of  the  electrolyte  should  be  closely  watched,  and,  if  it 
approaches  100°  F.,  the  charging  rate  must  be  reduced  or  the  charge  temporarily 
stopped  until  the  temperature  lowers. 

The  specific  gravity  will  fall  rapidly  after  the  electrolyte  is  added  to  the  cells, 
sind  will  then  gradually  rise  as  the  charge  progresses  until  it  is  up  to  1.210,  or 
thereabouts.  The  voltage  of  each  cell  at  the  end  of  charge  will  be  between 
2.50  and  2.70  volts,  and  for  this  reason  a  fixed  or  definite  voltage  should  not  be 
aimed  at. 

If  the  specific  gravity  of  any  of  the  cells  at  the  completion  of  the  charge  is 
below  1.205,  or  above  1.215,  for  chloride  batteries,  allowance  being  made  for  the 
temperature  correction,  it  should  be  adjusted  to  within  these  limits,  adding 
electrolyte  of  1.210  specific  gravity,  if  low.  and  replacing  some  of  the  electrolyte 
in  the  cell  with  water  if  high,  keeping  the  surface  at  the  proper  height  above 
the  top  of  the  plates. 

INITIAL  CHARGES  FOR  DIFFERENT  MAKES  OF  CELLS. 

The  different  manufacturers  recommend  different  methods  of  pro- 
ceeding in  the  initial  charges  of  their  batteries,  which  should  be  care- 
fully followed,  as  this  is  the  only  means  by  which  they  can  be  held 
responsible  for  the  conduct  of  their  cells,  which  are  sold  on  guaranties. 

For  a  "  chloride  "  battery  the  charge  should  be  started  at  the  nor- 
mal rate  as  soon  as  the  electrolyte  is  in  the  cells  (covering  the  plates 
about  three-fourths  inch),  and  continued  at  the  same  rate  until  both 
the  specific  gravity  and  voltage  show  no  rise  over  a  period  of  ten 
hours,  and  all  the  plates  are  gassing  freely.  Electrolyte  of  1.170 
specific  gravity  is  furnished  for  the  type  BT.  CT.  PT.  and  D  cells 
and  of  1.210  specific  gravity  for  all  the  other  larger  types.  The 
j)Ositive  plates  will  gas  some  time  before  the  negatives.  To  meet 
these  conditions,  from  fifty  to  sixty  hours  continuous  charging  at 
the  normal  rate  will  be  required  for  the  larger  cells.  Avhile  the  types 
BT,  CT,  PT.  and  ET  require  from  thirty  to  forty  hours  for  the 
initial  charge;  and  if  the  rate  is  less,  the  time  required  will  be  pro- 
portionately increased.  In  case  the  charge  is  interrupted,  particularly 
during  its  earlier  stages,  or  if  it  is  not  started  as  soon  as  the  electro- 
lyte is  in  the  cells,  the  total  charge  required  (in  ampere  hours)  will 
be  greater  than  if  the  charge  is  continuous  and  started  at  once. 

For  this  operation  the  AVillard  Storage  Battery  Company  recom- 
mends as  follows : 

The  charge  nnist  be  commenced  immediately  upon  filling  the  cells  with  elec- 
trolyte of  1.200  specific  gravity.  The  battery  should  be  charged  at  a  rate  equal 
to  two-thirds  of  its  normal  or  eight-hours  charging  rate.  The  charging  should 
be  continued  until  the  voltage  of  each  cell  is  2.0  volts,  the  reading  being  taken 
while  the  battery  is  being  charged  at  the  above  rate.     After  the  cells  have 
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reacbetl  the  voltage  named  above,  or  higher,  the  charge  should  be  continued 
until  the  specific  gravity  of  each  cell  ceases  to  rise,  or  has  remained  constant 
for  at  least  three  hours.  This  will  usually  happen  after  a  battery  has  been 
charged  for  approximately  sixty  hours.  The  experience  of  the  Signal  Corps 
has  been  that  a  longer  period  of  charge  is  required.  If  any  cells  do  not  show 
the  proper  rise  in  voltage,  or  do  .not  gas  freely,  they  should  be  examined.  Care 
should  be  taken  that  there  are  no  internal  short  circuits.  If  there  are,  they 
should  be  removed  at  once,  and  the  charge  continued  until  the  cells  indicate 
as  above. 

The  Gould  Storage  Battery  Company  recommends  the  following 
procedure  for  the  initial  charge  of  their  batteries: 

Fill  the  cells  with  the  electrolyte  furnished  with  a  specific  gravity  of  1.210. 
Commence  initial  charge  at  twice  the  normal  or  eight-hour  rate  and  continue 
for  twelve  hours,  then  reduce  to  1.4  times  the  normal  charge  rate  for  twenty 
hours,  then  decrease  to  the  normal  or  eight-hour  rate  and  charge  for  twenty 
hours.  The  specific  gravity  should  be  about  1.210  at  the  end  of  charge  corrected 
to  temperature. 

OPERATION. 

Excessive  charging  m/vst  he  avoided^  nor  must  a  battery  he  nnder- 
charged^  overdischarged^  or  allowed  to  stand  completely  discharged. 

Pilot  cell. — A  cell,  to  be  designated  as  the  "  pilot  cell,"  should  be 
selected  and  used  as  a  guide  in  the  operation  of  the  battery.  The 
cell  selected  .should  be  readily  accessible,  but  preferably  not  one  at 
the  end  of  a  row.  If,  however,  the  plates  in  the  battery  are  not  all 
of  the  same  age,  the  pilot  cell  should  be  a  cell  containing  the  oldest 
plates.  Readings  are  to  be  taken  on  this  cell  with  sufficient  frequency 
to  indicate  its  state  of  charge  and  discharge,  which  will  thus  serve  as 
a  guide  in  the  operation  of  the  battery  as  a  whole.  The  pilot  cell, 
when  once  selected,  should  not  be  changed  unless  the  cell  has  to 
undergo  special  treatment  or  repairs.  The  height  of  the  electrolyte 
in  this  cell  should  be  kept  at  a  fixed  point,  three-quarters  inch  above 
the  top  of  the  plates.  A  small  quantity  of  w^ater  must  be  added  by 
hand  often  enough  (at  least  once  a  day)  to  keep  the  height  accurately 
at  the  proper  point.  This  will  prevent  the  sudden  drop  in  the  specific 
gravity  of  the  electrolyte  consequent  upon  the  addition  of  a  consider- 
able quantity  of  water  and  the  following  increase  in  gravity  as  it 
slowly  evaporates.  The  fixed  point  should  be  marked  in  a  convenient 
manner;  for  instance,  in  a  glass-jar  battery  by  a  painted  line  on  the 
outside  of  the  jar,  or  for  tanks  an  S -shaped  strip  of  lead  hung  over 
the  edge  of  one  of  the  glas.s-supporting  plates. 

For  batteries  not  equipped  with  the  full  number  of  plates,  the  range 
in  gravity  on  charge  and  discharge  is  necessarily  reduced,  due  to  the 
proportionately  greater  amount  of  electrolyte.  As  it  is  of  advantage 
to  have  as  great  a  range  as  possible  in  the  pilot  cell,  in  order  to 
reduce  the  percentage  of  error  in  reading  the  hydrometer,  in  such  bat- 
teries the  pilot  cell  should  have  the  excess  electrolyte  displaced.     A 
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specially  constructed  tank  for  this  purpose  is  used  in  batteries  set 
up  in  tanks;  if  in  glass  jars,  a  wooden  block  properly  treated  and 
weiglited  is  used. 

Charging^  general. — The  battery  should  preferably  be  charged  at 
the  normal  rate.  It  is  important  that  it  should  be  given  the  proper 
amount  of  charge,  as  indicated  below,  but  excessive  charging  must 
be  avoided,  as  not  only  will  rapid  accumulation  of  sediment  and 
excessive  evaporation  of  the  electrolyte  result,  but.  what  is  more 
important,  the  life  of  the  plates  will  be  very  much  shortened. 

Both  from  the  standpoint  of  power  economy  and  life  of  the  bat- 
tery the  best  practice  is  the  method  which  embraces  what  may  be 
called  a  ""regular  charge,*'  to  be  given  when  the  battery  is  from  one- 
half  to  two-thirds  discharged,  and  an  ''overcharge"  to  be  given 
weekly  if  it  is  necessary  to  charge  the  battery  daily,  or  once  every  two 
Aveeks  if  the  regular  charge  is  not  given  so  often. 

As  a  general  rule  it  will  he  found  advisable  not  to  charge  until  the 
specific  gravity  of  the  pilot  cell  has  fallen  to  the  following  limits: 
If  the  cells  have  the  full  number  of  plates,  or  if  there  is  a  displacing 
tank  in  the  pilot  cell  of  a  partially  filled  battery,  15  points  below 
the  maximum  gravity  attained  on  the  preceding  overcharge;  if  only 
j)artially  filled  with  plates,  with  no  displacing  tank,  then  10  points 
below  the  maximum  gravity.  Thus,  if  the  maximum  gravity  attained 
on  the  overcharge  is  1.209.  start  charging  when  the  gravity  has  fallen 
to  1.194  and  1.199.  respectively.  These  limits  provide  for  a  reserve  in 
emergency  cases  and  also  prevent  unnecessarily  frequent  charging. 
If  the  voltage  method  only  is  used  for  observing  the  charge  and  dis- 
charge, no  single  rule  can  be  given  for  determining  when  the  charge  is 
to  be  started,  as  the  voltage  varies  with  the  rate  of  discharge. 

The  reading  of  the  specific  gravity  of  a  pilot  cell  or  of  the  voltage 
of  the  battery  can  be  used  as  a  guide  in  following  the  charge.  The 
specific  gravity  method  is  to  be  preferi'ed.  owing  to  its  being  inde- 
pendent of  the  rate  of  charge,  the  voltage  method  being  used  as  a 
check  on  the  gravity  or  in  cases  where,  due  to  the  character  or  inac- 
cessibility of  the  cells,  the  specific  gravity  method  is  not  practicable. 

Regular  charge. — The  battery  should  be  charged  at  or  as  near  the 
normal  rate  as  possible,  until  the  following  conditions  are  fulfilled: 

(«)  The  gravity  of  the  ])ilot  cell  having  risen  to  a  point  which  is 
5  points  (0.005  specific  gravity)  below  the  maximum  reached  on 
the  preceding  overcharge. 

If  the  cells  are  but  partially  filled  with  plates  and  the  excess  elec- 
trolyte is  not  displaced,  the  limit  should  be  8  points  (O.OO;^  specific 
gravity)  instead  of  5  points  (0.005  specific  gravity). 

{h)  The  A'oltage  across  the  battery  having  risen  to  a  point  which 
is  0.05  to  0.10  volt  i)er  cell  below  what  it  was  on  the  preceding  over- 
charge, the  charging  rate  should  be  the  same  in  both  cases ;  for  instance. 
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if  the  mnximiim  voltage  per  cell  attained  on  the  overcharge  is  2.52, 
the  voltage  per  cell  to  be  reached  on  the  regular  charge  is  from  2.42 
to  2.4T  volts  per  cell. 

(c)   The  cells  all  gassing  moderately. 

Ovevcharge. — Once  every  two  weeks,  and  on  the  same  day  of  the 
week,  the  regular  charge  should  be  prolonged  (always  at  the  normal 
rate)  until  the  following  conditions  are  fulfdled: 

{a)  The  gravity  of  the  pilot  cell  having  reached  a  maximum,  five 
successive  fifteen-minute  readings  of  this  cell  showing  no  further  rise. 

{h)  The  voltage  across  the  battery  having  reached  a  maximum, 
five  successive  fifteen-minute  readings  showing  no  further  rise,  the 
charging  rate  being  kept  constant. 

{c)  Inasmuch  as  most  signal  corps  storage  batteries  only  require 
recharging  about  once  a  week,  an  overcharge  should  be  given  every 
two  Aveeks. 

Battery  eharcjed  in  parallel. — In  installations  where  the  battery  is 
charged  in  parallel,  being  divided  into  two  equal  series  for  this  pur- 
pose, care  should  be  taken  that  the  charging  rate  is  the  same  in  each 
series,  equalizing  apparatus,  if  necessary,  being  used  for  the  proper 
adjustment  of  the  current,  which  should  be  at  the  normal  rate  in 
each  series. 

The  completion  of  charge  is  then  determined  in  the  same  manner 
as  if  all  of  the  cells  were  charged  in  one  series. 

Voltage  at  end  of  eharge. — The  voltage  at  the  end  of  charge 
throughout  the  life  of  a  battery  is  not  a  fixed  voltage,  but  will  vary, 
due  to  several  causes,  namely,  the  age  of  the  battery,  the  temperature 
of  the  electrolyte,  and  the  charging  rate:  therefore  a  fixed  voltage 
must  not  lie  considered  wdien  using  the  voltage  method  in  determining 
the  end  of  charge. 

When  first  installed,  the  voltage  at  the  end  of  overcharge,  with 
current  at  normal  rate,  Avill  be  not  less  than  2.5  volts  per  cell  for  Wil- 
lard  cells,  2.55  volts  for  "  chloride,"  and  2.G3  for  Gould  cells,  with  the 
temperature  at  70'^  F..  but  as  the  age  of  the  battery  increases  this 
voltage  gradually  lowers  until,  in  some  cases,  Avith  both  the  charging 
rate  and  temperature  normal,  it  will  have  fallen  to  2.40  volts  per  cell 
or  thereabouts. 

The  effect  of  changes  in  temperature  on  the  final  charging  voltage 
is  that  it  is  noticeably  lowered  with  an  increase  in  the  temperature 
above  normal  (70°  F.)  and  correspondingly  increased  with  lowered 
temperatures  in  respect  to  the  age  of  the  battery. 

Higher  or  lower  rates  than  normal  will,  respectively,  produce 
slightly  higher  or  lower  final  charging  voltages. 

Voltage  and  specif c  gravity  after  charge. — After  the  comi:)letion 
of  a  charge  and  the  current  is  cut  off,  the  voltage  per  cell  will  fall 
immediately  to  about  2.20  volts,  and  then  quite  rapidly  to  2.05  volts, 


40  ELECTRICAL   INSTRUMENTS  U.   S.    SIGNAL   CORPS. 

at  which  point  it  will  remain  while  the  battery  is  floating  at  zero 
current  or  is  on  open  circuit. 

AMien  the  discharge  is  started  the  voltage  will  at  once  fall  to 
about  2  volts  per  cell,  or  slightly  under,  depending  on  the  rate  of 
dischai'ge. 

Also,  after  the  completion  of  a  charge,  jDarticularly  an  overcharge, 
the  specific  gravity  of  the  electrolyte  will  rise  slightly,  due  to  the 
passing  off  of  the  gas  bubbles  formed  during  the  charge:  for  this 
reason  all  of  the  pilot  cell  gravity  readings  must  be  taken  before  the 
charging  current  is  cut  off. 

Dischcvrging. — During  the  greater  part  of  a  complete  discharge  the 
drop  in  voltage  is  slight  and  very  gradual,  becoming  greater  with 
marked  rapidity  near  the  end. 

The  safe  limit  of  discharge  is  reached  when  the  voltage  has  fallen 
to  1.80  volts  per  cell  with  current  flowing  at  normal  rate  (at  higher 
rates  the  limiting  voltage  is  somewhat  lower)  :  in  usual  service,  how- 
ever, with  the  rate  at  or  near  normal  it  is  advisable  to  stop  the  dis- 
charge at  about  1.90  volts  per  cell,  this  higher  voltage  insuring  a 
reserve  in  case  of  emergency.  If  the  discharging  rate  is  considerably 
less  than  the  normal,  the  voltage  should  not  be  allowed  to  fall  as  low 
as  1.90  volts  per  cell,  for  the  reason  that  with  a  very  low  rate  of  dis- 
charge the  voltage  will  not  begin  to  fall  off  until  the  limit  of  capacity 
is  almost  reached. 

The  fall  in  specific  gravity  of  the  electrolyte  also  serves  as  an  indi- 
cation of  the  amount  taken  out  and  is  in  direct  proportion  to  the 
ampere  hours  discharged,  thereby  differing  from  the  drop  in  voltage, 
which  varies  irregularly  for  different  rates  and  degrees  of  discharge, 
and  for  this  reason  under  ordinary  conditions  the  fall  in  gravity  is  to 
be  preferred  in  determining  the  amount  of  discharge. 

The  actual  amount  of  variation  in  the  gravity  of  the  electrolyte 
between  a  condition  of  full  charge  and  a  complete  discharge  is  de- 
pendent upon  the  quantity  of  solution  in  the  containing  vessel  com- 
pared with  the  bulk  of  the  plates. 

"\Alien  cells  are  equipped  with  the  full  number  of  plates,  the  range 
will  be  about  35  points  (0.035  specific  gravity)  ;  for  instance,  if  the 
maximum  gravity  reached  on  the  preceding  overcharge  is  1.209,  the 
extreme  limit  beyond  which  the  discharge  should  not  be  carried  is 
about  1.174.  If  the  cells  have  less  than  the  full  number  of  plates, 
this  range  in  gravity  is  proportionately  reduced,  except  in  the  case  of 
the  "  pilot  cell,''  which  should  be  equipped  with  a  device  for  displac- 
ing the  excess  electrolyte. 

The  available  capacity  is  temporarily  reduced  at  low  temperatures: 
with  a  return  to  normal  temperature  the  capacity  is  regained. 

Readings. — In  addition  to  the  required  signal  corps  records  the 
following  suggestions  are  made :  As  a  guide  in  following  the  opera- 
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tion  and  general  condition  of  the  battery,  and  also  for  a  record  of  the 
same,  it  is  important  that  readings  be  regnlarly  taken  and  recorded. 

The  specific  gravity  of  the  pilot  cell  or  the  voltage  across  the  bat- 
tery, or  both,  should  be  read  and  recorded  just  before  the  beginning 
and  end  of  ever}'  charge,  and  readings  should  also  be  taken  hourly 
during  the  charge. 

On  days  when  the  battery  is  not  charged  the  gravity  should  be 
read  and  recorded  at  the  usual  time  of  starting  the  charge. 

Just  before  the  overcharge,  at  the  same  hour  each  time,  a  gravity 
reading  of  each  cell  in  the  battery  should  be  taken  and  recorded. 
At  the  end  of  the  overcharge  a  ^oltage  reading  of  each  cell  should 
be  taken  while  the  current  is  still  flowing  and  also  recorded;  voltage 
readings  should  never  be  taken  with  the  battery  on  open  circuit,  as 
such  readings  are  of  no  value. 

The  above  cell  readings  should  be  carefully  examined,  and  any 
cell  showing  a  falling  off  in  specific  gravity  or  voltage  relative  to  the 
surrounding  cells  should  be  noted  and  inspected  as  soon  as  possible 
and  the  cause  removed. 

In  addition  to  the  above  readings  the  temperature  of  the  pilot  cell 
should  be  read  and  recorded  at  least  once  each  day,  preferably  at  the 
end  of  charge. 

Figure  14  illustrates  the  readings  and  results  of  efficiency  tests  made 
on  a  battery  installed  as  part  of  a  fire-control  system.  The  curves 
shown  indicate  the  voltage  characteristics  on  normal  charge  and 
discharge  rates. 

CARE   OF  THE  BATTERY. 

Inspection, — A  careful  inspection  of  each  cell  should  be  made  peri- 
odically. This  is  very  important,  as  it  is  bad  practice  to  wait  until 
trouble  develops  and  then  hunt  for  the  cause.  The  most  suitable  time 
for  an  inspection  is  just  before  the  overcharge,  so  that  if  any  trouble 
is  discovered  it  can  be  removed  in  time  for  the  cell  to  get  the  benefit 
of  the  overcharge. 

If  the  elements  are  equipped  with  wood  separators,  an  ordinary 
incandescent  light  on  an  extension  cord  can  be  used  to  advantage  in 
making  the  inspection,  and  a  careful  examination  should  be  made 
betAveen  the  hanging  lugs  to  see  that  they  are  in  place  and  not  touch- 
ing the  adjoining  lugs;  also  anything  unusual  in  the  color  or  appear- 
ance of  the  plates  should  be  carefully  noted.  An  examining  lamp 
and  cord  are  provided  in  fire-control  switchboard  rooms.  If  the 
elements  are  in  glass  jars  with  other  than  wood  separators,  the  lamp 
should  be  held  at  side  of  the  bottom  of  the  jar,  so  that  by  looking 
down  betAveen  the  plates  any  material  that  may  have  lodged  across 
can  be  discovered  and  removed.  If  the  elements  are  in  lead-lined 
or  all-metal  tanks  Avith  other  than  wood  separators,  a  submerged 
lamp  is  provided  for  inspection  between  the  plates,  and  also  to  note 
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that  the  outside  plates  do  not  touch  the  ends  of  the  tank;  this  also 
ajDplies  where  Avood  separators  are  used. 

Special  attention  should  l)e  given  to  cells  that  read  Ioay  in  specific 
gravity  or  voltage  at  the  time  the  cell  readings  were  taken.  Look 
for  the  cause  and  remove  it  as  soon  as  possible  and  not  later  than  the 
beginning  of  the  overcharge.  Short-circuits  should  be  removed  with 
a  thin  strip  of  wood  or  rubber;  never  use  metal. 

Near  the  end  of  the  overcharge  all  cells  should  be  looked  over  to 
see  that  they  are  gassing  freely. 

If  an  accumulation  of  mossy  material  develops  on  the  top  of  the 
negative  plates,  this  should  be  removed  before  it  bridges  across  to 
the  adjoining  plates  and  forms  a  short-circuit;  such  an  accumulation 
results  from  excessive  overcharging. 

In  addition  to  the  above,  the  accumulation  of  sediment  in  the 
bottom  of  the  cells  should  from  time  to  time  be  noted ;  it  must  not  be 
allowed  to  reach  the  plates. 

Low  cells. — The  following  are  the  chief  indications  of  trouble  in 
a  cell: 

Falling  off  in  specific  gravity  or  voltage  relative  to  the  surrounding 
cells. 

Lack  or  deficiency  of  gassing  on  overcharge  as  compared  with 
surrounding  cells. 

Color  of  i^lates  markedly  lighter  or  darker  than  in  surrounding 
cells. 

In  case  of  any  of  the  above  symptoms  being  found  in  a  cell,  examine 
carefully  for  cause  and  remove  at  once. 

Treatment. — The  above  symptoms  in  a  cell  indicate  that  it  has 
fallen  below  the  rest  in  its  state  of  charge.  If  the  cause  is  discovered 
and  removed  immediately  it  will  usually  be  restored  to  normal  condi- 
tion by  the  following  overcharge.  If  then  only  partially  restored,  it 
must  be  carefully  watched  during  the  ensuing  week.  If  the  next 
overcharge  does  not  completely  restore  it.  or  if  the  original  deficiency 
was  excessive,  it  may  be  necessary  to  give  it  a  separate  charge. 

Separate  charghu/. — The  first  and  simplest  method  of  separate 
charging  is  to  overcharge  the  battery,  but  care  should  be  taken  not  to 
carry  this  to  excess. 

The  second  is  by  cutting  the  low  cell  out  of  circuit  for  several  dis- 
charges and  in  again  just  before  beginning  the  following  charges. 
This  method  can  be  used  to  advantage  Avhen  the  elements  are  bolted 
together. 

The  third  method  is  by  giving  an  individual  charge  while  the  bat- 
tery is  either  on  discharge  or  standing  idle.  This  charge  can  be 
given  from  the  charging  generator  either  by  reducing  the  field  excita- 
tion or  through  a  water  rheostat. 
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Before  putting  a  cell  that  has  been  in  trouble  into  service  again, 
care  should  be  taken  that  the  cell  has  been  fully  charged,  this  being 
determined  by  continuing  the  charge  until  five  successive  hourly 
readings  of  both  the  gravity  and  voltage  show  no  increase  and  there  is 
free  gassing  from  the  plates  and  they  are  of  normal  color. 

Sedhnent. — The  accumulation  of  sediment  in  the  bottom  of  the 
cells  must  be  watched  carefully  and  removed  when  the  clearance  has 
been  reduced  to  one-half  inch  below  the  bottom  of  the  plates:  under 
no  circumstances  must  it  be  allowed  to  get  up  to  and  touch  the  plates, 
as,  if  this  occurs,  rapid  deterioration  will  result.  Very  often  it  will 
be  found  that  the  depth  is  greatest  under  the  middle  plates,  and  if 
the  sediment  is  leveled  over  the  bottom  of  the  cell,  its  removal  will 
not  be  necessary  for  some  time  longer.  The  leveling  can  be  done  by 
using  an  L-shaped  device  containing  no  metal  in  its  construction. 

To  remove  the  sediment,  the  simplest  method,  if  the  battery  has 
bolted  connections  between  the  cells,  is  after  fully  charging  the  bat- 
tery, to  lift  the  elements  out  of  the  jars,  draw  or  pour  off  the  elec- 
trolyte carefully ;  dump  the  sediment ;  clean  with  water ;  then  replace 
the  elements  and  cover  quickl}'^  with  electrolyte,  adding  enough  ne^v 
to  replace  that  lost.  The  elements  must  not  be  exposed  to  the  air 
except  for  the  very  shortest  possible  time,  and  must  not  be  allowed 
to  dry  out  in  the  least ;  for  this  reason  only  one  cell  should  be  emptied, 
cleaned,  and  refilled  at  a  time. 

If  the  cell  connections  are  burned  together  the  sediment  can  be 
taken  out  by  using  a  special  form  of  scoop  for  drawing  it  from 
beneath  the  plates  and  then  removing  it  from  the  jar  or  tank.  The 
Avood  separators,  if  the  elements  are  thus  equipped,  should  be  tem- 
porarily drawn  up  so  that  the  dowels  will  not  interfere  with  the 
manipulation  of  the  scoop.  The  separators  should  be  handled  care- 
fully to  avoid  breakage. 

A  third  method  is  to  draw  off  the  electrolyte  and  flush  the  cell  with 
water  (using  the  local  supply)  in  such  a  way  that  the  sediment  Avill 
be  continually  stirred  np ;  at  the  same  time  a  siphon,  inserted  at  the 
bottom  of  the  cell,  and  with  such  capacity  as  will  keep  up  with  the 
water  supply,  should  be  started;  the  more  rapid  the  flow  in  and  out, 
the  better.  This  operation  should  be  continued  until  the  cell  is  en- 
tireh'  free  from  sediment.  The  Avater  should  then  be  withdrawn  and 
the  cell  immediately  refilled  with  electrolyte.  Do  not  allow  the  plates 
to  dry  out  in  the  least.  (See  "Treatment  of  dry  plates."')  This 
method  is  usually  only  to  be  preferred  when  the  cells  are  very  large 
and  Avhere  there  is  a  strong  head  of  water  for  stirring  up  the 
sediment. 

In  connection  with  the  removal  of  the  sediment,  it  will  be  necessary 
to  provide  some  new  electrolyte  to  be  added  to  the  old  to  make  up  for 
that  absorbed  and  displaced  by  the  sediment. 
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Immediately  after  the  battery  is  cleaned  and  the  new  acid  added, 
it  should  be  given  a  long  charge,  continuing  until  every  cell  is  fully 
charged. 

Electrolyte — General. — Electrolyte  is  dilute  sulphuric  acid,  pre- 
pared by  mixing  suitable  commercial  sulphuric  acid,  or  "  oil  of 
vitriol,"  as  it  is  more  commonly  called,  Avith  pure  water.  It  is  essen- 
tial that  both  the  acid  and  water  should  be  free  from  impurities,  such 
as  iron,  arsenic,  nitric  or  hydrochloric  acid. 

The  proportions  of  acid  (of  1.840  specific  gravity  or  66°  Beaume) 
and  water  in  preparing  electrolyte  of  1.210  specific  gravity  are  one 
part  of  acid  to  five  parts  of  water,  by  volume.  The  acid  must  be 
added  to  the  water  slowly  and  with  great  caution,  not  only  to  prevent 
excessive  heating,  but  more  particularly  splashing,  on  account  of  the 
painful  and  dangerous  character  of  acid  burns.  Never  add  water  to 
pure  acid,  as  it  is  dangerous.  The  final  gravity  of  the  solution  must 
be  read  when  it  has  cooled.  The  vessel  used  for  mixing  must  be  a 
lead-lined  tank,  one  of  glazed  earthenware,  or  one  of  wood  which  has 
not  been  used  for  any  other  purpose,  such  as  a  new  washtub  or  spirits 
barj-el.  Never  use  a  metal  vessel.  Electrolyte  for  maintenance  will 
l;e  furnished  having  a  specific  gravity  of  1.400  as  required  for  "Willard 
and  Gould  cells.  For  "•  Chloride  "  cells  it  should  be  diluted  with  dis- 
tilled water  until  the  specific  gravity  is  reduced  to  1.210. 

Specif e  gravity. — The  specific  gravity  of  the  electrolyte  of  a  cell 
in  good  condition  when  fully  charged  and  at  normal  temperature 
(70°  F.)  should  be  about  1.200  for  Willard  and  1.210  for  ''  Chloride  " 
and  Gould  cells.  Due  to  loss  through  spraying  at  the  end  of  charge 
and  to  absorption  by  the  sediment,  there  is  a  gradual  lowering  of  the 
gravity,  its  rapidity  depending  on  the  work  and  care  the  battery  is 
receiving.  Acid  of  1.200  specific  gravity  for  Willard  cells  and  1.210 
specific  gravity  for  Gould  and  "  Chloride  "  cells,  should  be  used  when 
filling  the  cells  for  the  initial  charge. 

Unless  a  compensating  hydrometer  is  used,  allowance  must  be  made 
for  temperature  variation  on  the  basis  of  an  increase  of  one  point  in 
gravity  for  each  three  degrees  Fahrenheit  decrease  in  temperature, 
and  vice  versa;  for  instance,  electrolyte  that  is  1.210  at  70°  F.  will  be 
1.213  at  61°  and  1.207  at  79°. 

Restoring  lowered  specific  gravity. — When,  due  to  the  above  causes, 
the  gravity  of  the  electrolyte  at  the  end  of  an  overcharge  and  at 
normal  temperature  has  fallen  below  1.190,  it  should  be  brought  up  to 
standard  by  the  addition  of  electrolyte  instead  of  water  when  replac- 
ing evaporation. 

Never  under  any  circumstances  add  electrolyte  to  a  cell  in  which 
short-circuits,  high  temperature,  or  partial  charge  may  account  for 
the  low  gravity. 
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Replacing  evaporation. — Only  pure  ^vatel'.  preferably  distilled, 
should  be  used  to  re2:)lace  evaporation.  It  is  advisable  that  a  few 
sami^les  be  tested  from  time  to  time.  The  electrolyte  must  never  be 
allowed  to  get  below  the  top  of  the  plates,  nor  must  the  cells  be  filled 
too  full.  The  water  should  be  added  (at  the  top  of  the  cells)  with 
sufficient  frequency  to  keep  the  electrolyte  about  three-fourths  inch 
above  the  top  of  the  plates;  it  should  be  added  carefully  and  splash- 
ing or  slopping  avoided.  The  most  suitable  time  for  adding  water  is 
just  before  the  overcharge,  provided  it  is  not  necessary  to  add  it 
more  frequently,  in  which  case  it  should  also  lie  added  Ijefore  j' 
regular  charge. 

Impurities. — Should  it  be  known  that  any  foreign  matter  has  gotten 
into  a  cell,  steps  should  be  taken  to  remove  it  at  once.  In  case  removal 
is  delayed  and  a  consideral)le  amount  of  impurity  becomes  dissolved 
in  the  electrolyte,  it  should  be  entirely  replaced  with  new,  flushing  the 
cell  with  water  before  putting  in  the  new  electrolyte.  The  change 
should  be  made  when  the  battery  is  discharged  and  just  before  charg- 
ing. Do  not  allow  the  element  to  dry.  If  in  doubt  as  to  whether 
the  electrolyte  contains  impurities,  a  sample,  taken  at  the  end  of  dis- 
charge, should  be  tested.     (See  "'Tests  for  purit}^  of  electrolyte.") 

GENERAL. 

The  Battery  Boom — Ventilation  and  TE:MPERATrRE.^ — That  the 
temperature  may  be  moderate  and  the  air  dry,  the  battery  room  must 
be  properly  ventilated,  not  only  to  insure  dryness,  but  to  prevent 
chance  of  an  explosion,  as  the  gases  given  off  during  charge  form  an 
explosive  mixture  if  confined.  For  this  reason  never  bring  an  ex- 
posed flame  near  the  battery  when  it  is  gassing.  Suitable  outlets 
should  always  be  provided  for  ventilating  the  battery  room  or  cabinet. 

To  obtain  the  best  results  the  temperature  should  be  between  50  and 
80°  F.  If  the  room  temperature  is  very  high — that  is,  over  80°  F., 
for  any  great  length  of  time,  the  wear  on  the  plates  is  excessive.  If 
the  temperature  is  low,  no  harm  results,  but  the  available  capacity  is 
reduced  during  the  period  of  low  temperature. 

Almost  equally  important  with  the  temperature  is  the  question  of 
dryness,  and  the  circulation  of  air  should  be  sufficient  to  keep  the 
stands,  insulators,  and  cells- free  from  dampness,  which  is  very  liable 
to  cause  grounding  of  the  battery  itself  or  its  connecting  circuits. 

Light. — The  provision  for  illumination  should  be  such  that  all 
parts  of  the  battery  can  be  readily  inspected  at  ai\y  time,  day  or  night. 
If  direct  sunlight  falls  on  the  cells,  the  window  panes  should  either 
be  coated  with  white  paint  or  be  of  frosted  glass. 

Cleanliness. — The  battery  room  and  the  apparatus  therein  should 
be  kept  clean;  if  the  floor,  metal  work,  stands,  insulators,  trays,  or 
tanks  become  coated  with  acid-laden  moisture,  wash  them  with  a 
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saturated  solution  of  bicarbonate  of  soda  in  \Yater,  which  will  neu- 
tralize the  acid ;  then  rinse  with  fresh  water  and  open  all  the  windows 
to  allow  of  complete  drying.  The  washing-  solution  must  not  be 
allowed  to  get  into  the  cells. 

Protective  coatings  {paint,  etc). — To  properly  preserve  the  wood- 
work and  metal  work  in  the  battery  room,  care  must  be  taken  to 
keep  these  parts  well  protected,  particularly  the  wood  boxing  of  the 
lead-lined  tanks  if  the  battery  is  thus  installed. 

The  woodwork  being  thoroughly  painted  at  the  start,  oiling  at 
frequent  intervals  with  boiled  linseed  oil,  applied  with  a  cloth  rather 
than  a  brush,  is  recommended;  repainting  will  then  be  necessary  less 
frequently.     The  best  paint  is  one  with  a  heavy  asphaltum  base. 

For  metal  work  (copper  and  iron)  also  use  the  above  paint;  in 
addition,  coat  the  connections  with  vaseline.  If  corrosion  starts,  at 
once  thoroughly  clean  and  repaint ;  in  cleaning  remove  the  corrosion 
by  scraping  and  then  Avashing  with  bicarbonate  of  soda  solution. 
Do  not  at  anv  time  allow  either  the  corrosion  or  the  washing  solu- 
tion  to  fall  into  the  cells. 

Connections. — Keep  all  connections  clean  and  tight.  Inspect  at 
regular  intervals. 

Covers.-— To  reduce  the  diffusion  of  acid  spray,  the  amount  of 
evaporation,  and  the  danger  of  foreign  matter  falling  into  the  electro- 
lyte, covers  may  be  laid  across  the  top  of  the  cells,  these  covers 
consisting  of  a  thin  sheet  of  glass  or  hard  rubber.  They  should  be 
so  dimensioned  that  a  free  space  is  left  at  the  front  of  the  tank  to 
allow  of  taking  gravity  readings  and  replacing  evaporation  without 
the  necessity  of  removing  the  covers.  They  must  never  be  allowed  to 
overhang  the  ends  of  the  cell ;  this  to  prevent  dripping  on  the  floor 
of  the  acid-laden  moisture  collected  on  the  under  side. 

The  covers  should  be  removed  when  making  an  inspection.  (See 
"Inspection."') 

Oil  or  paraffin  should  not  be  used  on  the  surface  of  the  electrolyte. 

Repair  to  jars  or  tanks. — If  a  jar  is  broken  or  a  tank  leaking, 
so  that  it  has  to  be  removed  for  repairs  or  renewal,  the  plates  should 
be  taken  out,  the  negatives  being  immediately  placed  in  a  vessel 
containing  clean  water  or  in  the  free  space  of  adjacent  cells;  the 
positives  can  be  alloAved  to  dry.  The  wood  separators,  if  the  batterv 
is  thus  equipped,  should  first  be  removed  and  stored  in  the  free  space 
of  adjacent  cells;  this  should  be  done  carefully,  to  avoid  breakage. 
Broken  or  damaged  separators  should  be  discarded  and  new^  ones 
provided  in  their  place.  The  utmost  care  should  be  taken  that 
neither  the  negative  plates  nor  the  wood  separators  be  allowed  to 
dry  out  in  the  least. 

Upon  completion  of  repairs  the  plates  and  wood  separators  should 
be  replaced  (just  before  the  charge  is  started)  and  immediateh'  cov- 
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ered  with  electrolyte;  the  plates  will  then  receive  the  benefit  of  the 
following  charge. 

'Treatment  of  dry  plates. — If  for  an}'  reason  the  negative  plates  of 
a  cell  have  been  allowed  to  dry  a  long  time  will  be  required  for 
recharging,  the  time  being  the  same  as  that  for  an  initial  charge. 
For  this  reason  drying  of  the  negative  plates  is.  as  far  as  possible,  to 
be  avoided. 

Positive  plates,  if  dry.  will  require  but  a  comparatively  short 
charge;  if  they  are  in  a  fully  charged  ^tate  when  taken  out  of  a  cell, 
from  six  to  eight  hours  Avill  be  sufficient :  if  discharged,  then  someAvhat 
longer. 

In  any  case  both  the  positive  and  negative  plates  of  a  cell  must  be 
fully  charged  before  being  put  into  regular  service  again. 

If  new  plates  are  installed  the  amount  of  charge  noted  above  will 
likewise  be  required. 

Battery  or  individual  cells  vsed  hat  oeeadonally. — If  the  battery  is 
used  but  occasionally  or  is  standing  idle  it  should  be  given  a  partial 
discharge  and  recharge  every  four  weeks;  this  also  applies  to  any 
cells  that  may  be  temporarily  out  of  circuit.  Many  signal  corps 
storage  installations  are  not  used  sufficiently  for  good  maintenance, 
and  an  artificial  discharge  through  a  Avater  rheostat  or  otherAvise  is 
A'ery  essential  to  keep  the  cells  in  good  condition. 

Where  a  battery  is  Avorked  but  very  lightly  it  may  not  giA'e  full 
capacity  at  once  if  there  is  a  call  for  a  heavy  discharge,  due  to  the 
actiA^e  material  in  the  plates  becoming  "  sluggish :  ''  in  such  cases,  if 
practicable,  it  is  advisable,  from  time  to  time,  to  giA'e  the  battery  a 
special  discharge,  taking  out  from  one-half  to  tAvo-thirds  the  capacity. 

End  cells. — End  cells  are  provided  on  each  telautograph  battery, 
intended  to  be  throAvn  into  the  discharge  or  charge  circuit  at  Avill. 
On  discharge  it  is  possible  Avith  these  cells  to  maintain  a  practically 
constant  voltage  that  is  required  for  the  satisfactory  operation  of 
telautographs.  As  the  A^oltage  of  the  main  cells  decreases  additional 
cells  are  throAvn  into  the  discharge  circuit  by  the  use  of  an  end  cell 
SA\itch,  as  Avill  be  explained  later.  From  this  it  aaIII  be  seen  that  some 
of  the  end  cells  will  be  used  but  little,  and  the  main  precaution  in  their 
maintenance  is  to  be  sure  that  they  are  not  continually  oA'ereharged. 

Provision  is  made  on  the  telautograph  sAvitchboards  for  reading  the 
voltages  of  the  indi\'idual  end  cells,  and  these  and  specific-gravity 
readings.  Avhich  should  be  taken  before  each  charge,  Avill  give  the  con- 
dition of  the  end  cells  and  determine  the  necessary  charge  Avhicli 
should  be  given  them. 

Arrangements  should  be  made  to  give  the  end  cells  an  artificial 
discharge  if  they  do  not  get  sufficient  work  to  keep  them  in  good  con- 
dition, as  it  should  be  rememl>ered  that  storage  batteries  require 
discharges  as  Avell  as  charges  to  keep  them  in  condition. 
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PUTTING  BATTERY  OR   INDIVIDUAL  CELLS  OUT  OF   COMMISSION. 

If  a  battery  will  not  be  used  for  six  months  or  longer,  the  battery 
should  be  put  out  of  commission  in  the  manner  outlined  hereafter  for 
the  different  makes  of  batteries.  When  cells  are  taken  out  of  com- 
mission, the  dry  plates  should  never  be  allowed  to  come  into  contact. 

The  Electric  Storage  Battery  Company  advises  the  following 
method  for  "  Chloride  "'  cells : 

After  tlioroughly  charging  uucl  determining  tliat  there  are  no  low  cells,  syphon 
off  the  electrolyte  (which  may  be  used  again)  into  convenient  receptacles,  pref- 
erably carboys,  tht)roughly  cleaned,  and  as  each  cell  becomes  emitty  im- 
mediately fill  it  with  fresh,  pure  water.  When  water  is  in  all  the  cells,  allow 
them  to  stand  twelve  or  fifteen  hours,  then  draw  off  the  water.  The  cells  will 
then  be  in  condition  to  stand  indefinitely.  The  carboys  in  which  the  acid  is 
stored  should  be  tightly  corked  to  keep  out  impurities. 

If  equipped  with  wood  separators,  these  should  be  removed  just  before  draw- 
ing off  the  water;  and  if  tliey  are  in  good  condition,  and  it  is  desired  to  use 
them  again,  they  should  be  kept  submerged  in  water. 

If  there  is  any  considerable  amount  of  sediment  in  the  cells,  advantage  should 
be  taken  of  the  out-of-service  period  to  clean  them  thoroughly. 

Putting  battery  or  individual  cells  into  commission  again :  Fill  the 
cells  (to  three-fourths  inch  above  the  top  of  the  plates)  with  the 
electrolyte  one  after  another  as  quickly  as  possible.  (Some  new  elec- 
trolyte will  be  required  to  replace  that  lost  in  handling.)  When 
all  are  filled  the  charge  should  be  started.  This  charge  is  similar  to 
the  initial  charge  of  a  new  battery.  The  rate  should  be  normal  and 
continue  until  the  specific  gravity  and  voltage  have  ceased  rising  for 
a  period  of  ten  hours.  From  thirty  to  forty  hours  at  the  normal  rate 
will  be  required  to  complete  this  charge.  If  the  rate  is  less  than 
normal,  the  time  required  will  be  correspondingly  increased.  It  is 
of  the  utmost  importance  that  this  charge  l)e  complete. 

If  wood  separators  are  used,  these  should  be  put  into  place  before 
the  electrolyte  is  poured,  each  cell,  however,  being  filled  as  soon  as  its 
separators  are  in  position,  so  that  they  will  have  no  chance  to  dry. 
If  part  new  and  part  old  separators  are  used,  these  should  not  be 
mixed,  but  kept  together  in  cells  by  themselves,  putting  all  of  the  new 
ones  in  one  end  of  the  battery  and  all  of  the  old  ones  in  the  other  end. 

The  Willard  Storage  Battery  Company's  instructions  for  taking  a 
Ijattery  out  of  commission  are  as  follows: 

Pidtiiiff  the  bdUenj  out  of  comniissifm. — First  give  the  battery  a  complete 
charge,  then  syphon  off  the  electrolyte  into  convenient  receptacles,  preferably 
carboys  (being  careful  to  not  use  carboys  which  have  had  other  kinds  of  acid 
than  sulphuric  in  them  unless  thoroughly  cleaned).  As  each  cell  is  emptied  of 
electrolyte,  it  should  be  immediately  refilled  with  water.  After  filling  with 
water  the  battery  should  be  discharged  until  voltage  is  below  one  volt  per  cell 
at  the  normal  discharge  rate,  after  which  the  water  may  be  drawn  off  and  the 
battery  may  stand  until  put  into  service  again. 
60240°— 11 1 
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Putting  the  batteri/  into  commission  again. — In  imtting  a  battery  into  use 
asain  it  should  be  treated  in  the  same  manner  as  a  new  battei-y.  Care  should 
be  taken  that  the  polarity  of  the  charging  source  has  not  been  changed. 

To  take  the  Gould  batteries  out  of  commission  the  following  in- 
structions apply : 

To  take  battery  out  of  commission. — Fully  charge  the  Itatiery.  then  remove  the 
acid  from  all  cells,  each  cell  to  be  filled  witli  clean  water  as  soon  as  the  acid 
is  removtHl.  Immediately  after  filling  each  cell  with  water  discharge  the  bat- 
tery at  normal  rate  until  the  voltage  reaches  zero.  (It  will  be  necessary  to 
short  circuit  the  battery  at  the  latter  end  of  the  discharge  to  get  the  voltage  down 
to  its  proper  value.)  The  water  may  then  be  removed  and  the  plates  stored  in 
a  convenient,  dry  place,  l^eeping  positive  and  negative  plates  separate,  or,  if 
desired,  the  plates  may  be  left  in  their  containing  tanks. 

The  following  summary  applies  to  the  operation  and  maintenance 
of  all  l:)atteries  installed  by  the  Signal  Corps,  and  these  rules  with 
additional  information  showing  the  normal  charge  rate  and  usual 
days  of  charge  and  discharge  should  be  posted  in  every  battery  room: 

SUMMARY  OF  i:\IP0RTANT  POINTS. 

Excessive  charging  must  be  avoided,  nor  should  a  battery  be  under- 
charged, overdischarged,  or  allowed  to  stand  completely  discharged. 

Keep  the  electrolyte  at  the  proper  height  above  the  top  of  the 
l^lates.  Use  only  pure  water  to  replace  evaporation.  Never  add 
acid,  except  under  conditions  as  explained  in  the  preceding  instruc- 
tions. 

The  daily  and  weekh'  readings  should  be  regularly  and  accurately 
taken  and  recorded. 

Inspect  each  cell  of  the  battery  carefully  at  regidar  intervals. 

If  any  low  cells  develop,  do  not  delaj'  in  bringing  them  back  to 
condition. 

Do  not  allow  the  sediment  to  get  up  to  the  plates. 

Do  iu)t  allow  im})urities.  cither  solid  or  liquid,  to  get  into  or  remain 
in  the  cells. 

Have  the  battery  room  well  ventilated,  especiall}'  while  charging. 

Never  bring  an  exposed  flame  into  the  battery  room  during  or 
shortly  after  the  gassing  period  of  a  charge. 

Keep  the  floor  and  other  parts  of  the  battery  room  clean  and  dry. 

Kee[)  all  the  iron,  copper,  or  other  metal  work  about  the  battery 
free  from  corrosion. 

Keep  all  the  connections  clean  and  tight. 

Make  out  reports  required  by  the  signal  corps  carefullj^  and  regu- 
larly. 

TcJcgrapJi  hattevies. — As  telegraph  batteries  are  frequently  quite 
high  in  voltage,  the  insulation  of  the  battery  sliould  be  looked  to.  If 
the  small  porcelain  or  glass  insulators  for  each  cell  are  furnished,  so 
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much  the  better;  if  not,  the  shelves  should  be  as  well  insulated  as 
possible,  or  strips  of  glass  or  small  strips  of  paraffined  wood  under 
each  cell  may  be  used  in  an  emergency. 

In  charging  some  of  the  smaller  types  of  cells  a  convenient  arrange- 
ment is  represented  in  figures  15  and  .16.  In  this  the  electric-light 
mains  are  connected  with  the  storage  cells  with  some  incandescent 
lamps  in  parallel,  as  shown.     If  32-candlepower  carbonized  filament 
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Storage  Ce//s 


Fig.  15. 


lamps  are  used,  each  lamp  allows  1  ampere  of  current  to  pass.  So 
with  a  type  of  cell  requiring  G  amperes  G  lamps  in  parallel  would 
permit  the  required  current  to  pass.  Of  course  the  source  of  supply 
must  be  a  direct,  not  an  alternating,  current. 

The  diagrams  (figs.  15  and  IG)  show  the  arrangement  for  an  office 
where  a  constant-current  lighting  circuit  is  available  as  a  supply. 
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m^  Wm\  ^^^^-^^''^^ 


Sounders 


Fig.  16. 


The  lamps  ma}'  be  used  to  illuminate  the  office,  as  the  opposing 
E  M  F,  of  the  one-storage  cell  (fig.  16)  will  not  perceptibly  diminish 
their  light.     As  will  be  noted,  the  storage  cell  is  constantly  in  use 


even  while  charging. 


On  account  of  its  low  internal  resistance,  as  many  sounder  circuits 
in  parallel  can  be  fed  from  one  of  these  storage  cells  as  the  capacity 
of  the  battery  will  permit.     Each  sounder  requires  one-fourth  ampere, 
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SO  in  twenty-four  hours  it  Avould  require  at  most  G  aniphere  hours  to 
supi)ly  it.  And  if  the  storage  cell  had  a  cajiacity  of  50  ampere  hours 
it  could  supply  four  sounder  circuits  twenty-four  hours  and  still  have 
a  reserve  for  another  day  in  case  of  accident  to  the  charging  circuit. 

The  method  of  tapping  off  various  voltages  from  a  number  of 
storage  cells  in  series  for  the  different  lines  is  shown  under  the  head- 
iuff  of  switchboard  diagrams. 


ri(i.  17. — Tyijical  battery  iustalhilinii. 

Telephone  hatteries. — As  stated  previously,  telephone  batteries  at 
coast  artillery  posts  consist  of  15  cells,  and  at  interior  posts  of  12 
cells.  These  vary  in  size  from  ET  to  E-11  "  Chloride "'  batteries  or 
their  equivalents.  Fire-control  telephone  installations  at  coast-artil- 
lery posts  are  designed  to  operate  at  30  volts,  and  the  post-telephone 
systems  derive  their  current  from  the  same  source,  leads  being  run 
from  the  switchboard  rooms  to  the  headquarters  building,  in  which 
(he    telephone    switchboards    are    usually    located.     These   telephone 
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batteries  are  usually  installed  in  glass  jars  on  a  suitable  rack,  and 
figure  17  illustrates  an  installation  of  this  type.  The  size  installed 
varies  with  the  requirements  of  each  system.  At  interior  posts  the 
telephone  batteries  are  usually  installed  in  the  switchboard  room  at 
central  and  vary  in  size  to  fit  the  installation  in  question,  E-5  being 
the  largest,  and  in  most  cases  the  2-plate  types  being  installed.  Type 
PT,  ''  Chloride  "  cells,  or  equivalents,  in  glass  jars,  will  be  standard 
hereafter  for  small  interior  posts.  The  method  of  installing  tele- 
phone storage  batteries  will  be  taken  up  more  fully  in  the  chapter 
on,  telephone  switchboards. 

The  size  of  storage  cell  for  telephone  switchboards  is  not  deter- 
mined solely  by  the  amount  of  circuit  required,  but  must  also  be  large 
enough  so  that  the  internal  resistance  is  negligible,  as  otherwise  this 
common  resistance  might  be  the  source  of  cross  talk  in  the  system. 
It  is  also  essential  that  the  current  be  ahvays  available,  so  that  it  is 
not  unusual  to  provide  duplicate  batteries  so  that  one  may  be  repaired 
or  dismounted  if  necessary. 

Figure  18  indicates  the  apparatus  and  circuit  assembled  on  a  small 
switchboard  supplied  for  interior  post  telephone  installations  of  the 
kind  described.  From  an  examination  of  the  circuit  it  will  be  seen 
that  the  charging  direct  current  is  controlled  by  the  incandescent 
lamps  to  meet  the  particular  ■^ize  of  cells  charged,  and  that  only  one 
set  of  batteries  can  be  charged  or  discharged  at  a  time.  The  condi- 
tion of  the  batteries  is  indicated,  as  far  as  possible,  on  the  voltmeter 
in  the  usual  manner. 

Telautograph  batteries. — For  the  telautograph  equipment  installed 
as  part  of  fire-control  installations,  various  types  of  storage  batteries 
are  provided,  ranging  from  E-0  to  F-15  "  Chloride  "  cells,  or  their 
equivalents  in  Willard  or  Gould  cells,  the  size  depending  on  the 
number  of  telautographs  to  be  operated,  and  the  other  demands  of 
the  fire-control  installation.  The  motor  generators  for  charging  the 
telephone  batteries  and  operating  the  time  interval  bell  circuits  of 
these  installations  are  usually  fed  from  the  telautograph  batteiy. 
Sixty  cells  comprise  these  batteries,  10  cells  on  one  end  being  con- 
trolled by  a  10-point  end-cell  switch,  so  that  any  number  of  cells  from 
50  to  GO  can  be  charged  or  discharged  as  desired.  This  enables  any 
number  of  cells  or  the  required  voltage  to  be  thrown  on  the  telauto- 
graph lines,  which  usually  operate  at  about  115  volts.  The  F-type 
batteries  are  usually  installed  in  lead-lined  wood  tanks,  on  a  suitable 
wooden  rack  designed  to  carry  the  weight  and  atford  the  required 
insulation.  Figure  13  illustrates  a  typical  telautograph  storage-bat- 
tery installation,  and  shows  the  cabling  for  the  end  cells  from  the 
rack  nearest  the  wall.  Inasmuch  as  the  usual  post  poAver  available 
is  at  a  potential  of  110  volts,  it  is  necessary  to  increa.se  this  to  as  much 
as  170  volts   (see  preceding  instruction)   to  charge  the  60  cells  of 
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telautograph  battery.     This  is  done  by  the  use  of  motor  generators 
or  boosters,  which  increase  or  alter  the  voltage  of  the  charging  circuit. 
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Fig.  is. — Cliarsing  panel  for  small  storage  battery  for  post  telephone  installations. 

The  circuit  and  details  of  the  power  switchboard  controlling  these 
batteries  and  machines  will  be  found  in  ]Manual  No.  8. 
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TESTS  rOK  PURITY  OF  ELECTROLYTE. 

The  necessity  for  using  pure  electrolyte  in  storage  batteries  is 
something  which  is  seldom  recognized.  Its  importance  in  maintain- 
ing a  battery  in  its  highest  efficiency  for  any  length  of  time  is  a  matter 
which  should  receive  attention,  not  only  at  the  time  the  battery  is  set 
up,  but  subsequently  in  the  addition  of  water  or  fresh  electrolyte. 

The  most  frequent  impurities  in  water  are  sodium  or  magnesium 
chloride,  and  some  of  the  salts  of  lime  and  iron.  The  presence  of 
lime  will,  of  course,  be  objectionable,  but  its  presence  in  very  small 
quantities  is  less  objectionable  than  that  of  the  other  impurities. 

In  general,  it  may  be  stated  that  the  only  suitable  water  for  safety 
is  distilled  water,  and  no  amount  of  trouble  necessary  to  get  this  kind 
of  water  should  be  considered  as  too  great  when  making  up  the  elec- 
trolyte if  strong  acid  be  furnished,  or  for  subsequent  additions  to 
replace  loss  by  evaporation. 

If  strong  acid  is  fuiTiished,  the  method  of  mixing  this  with  the 
requisite  amount  of  water  to  bring  the  specific  gravity  of  the  solu- 
tion to  1.210  has  already  been  stated.  It  is  again  urged  that  no  acid 
be  used  which  is  made  from  iron  pyrites;  the  only  suitable  electrolyte 
is  made  from  acid  which  is  manufactured  from  pure  sulphur. 

The  impurities  which  may  be  in  the  acid,  and  for  which  tests 
should  be  made,  are :  Chlorides  or  free  chlorine,  the  salts  of  iron, 
copper,  mercury,  and  the  nitrates.  Small  cases  of  reagents  will  be 
furnish'ed  by  the  Signal  Corps  for  storage-battery  installations  where 
there  are  15  cells  and  upward,  and  tests  should  invariably  be  made 
before  setting  up  the  battery  and  in  subsequent  additions  of  elec- 
trolyte. 

It  must  be  noted  that  after  running  some  time  the  electroh'te  may 
become  contaminated  with  chlorides  or  nitrates  from  the  plates, 
formed  during  manufacture.  It  should  be  noted  that  traces  of  objec- 
tionable elements  will  probably  be  found  in  even  ncAv  electrolj^te  and 
almost  in  every  case  in  old  electrolyte  that  has  been  used  in  batteries. 
It  is  only  when  found  in  excessive  quantities  that  these  are  prohibi- 
tive. HoAvever,  if  uncertainty  prevails  regarding  the  character  of 
an  electrolyte,  a  sample  should  be  sent  in  for  analysis.  An  eighth- 
ounce  bottle,  thoroughly  cleaned,  should  be  sent  to  the  Chief  Signal 
Officer  and  a  report  obtained. 

The  small  reagent  case  will  contain  the  following  chemicals : 

Nitrate  of  silver. 

Red  prussiate  of  potassium. 

Yellow  prussiate  of  potixssium. 

Strong  ammonia. 

Iodide  of  potassium. 

Concentrated  sulphuric  acid. 

Diphenylamine. 
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If  dislilled  water  is  used,  of  course  no  tests  of  it  will  be  necessarj', 
but  any  natural  \vater  should  be  open  to  suspicion. 

Tests  for  chlorine  or  chlorides. — A  few  drops  of  solution  of  nitrate 
of  silver  in  a  test  tube  partly  filled  with  electrolyte  will  give  a  curdy, 
white  precipitate  of  silver  chloride  if  chlorine  or  its  salts  are  present. 
This  chloride  turns  to  a  violet  tint  on  exposure  to  light.  If  the  clear 
liquid  be  poured  off  this  white  precipitate  and  strong  ammonia  bi 
poured  on  it,  it  will  dissolve. 

Te^t  for  iron. — The  presence  of  ferrous  salts  in  the  electrolyte  is 
shown  if  a  dark-blue  precipitate  is  given  upon  the  addition  of  a 
solution  of  the  red  prussiate  of  potassium.  If  ferric  salts  are  present 
in  the  electrolyte,  a  solution  of  yellow  prussiate  of  potassium  will 
give  a  blue  tint.  Consequently,  if  into  two  test  tubes,  one  of  which 
contains  a  few^  drops  of  yellow  prussiate  and  the  other  a  few"  drops 
of  red  prussiate.  a  little  electrolyte  be  poured,  the  two  tests  can  be 
made  at  once.  If  the  impurities  be  present  in  small  quantities  there 
will  not  be  a  precipitate  formed,  but  a  bluish-green  coloration  will 
result. 

Test  for  copper. — Place  a  small  quantity  of  electrolyte  in  a  test  tube 
and  add  an  excess  of  strong  ammonia.  If  copper  be  present  there  will 
be  a  bright  bluish  tint  given  to  the  mixture.  If  present  in  large  quan- 
tities, a  chocolate-colored  preparation  will  be  formed  upon  the  addi- 
tion of  solution  of  the  yellow  prussiate  of  potassium. 

Test  for  mercury. — The  mercurous  salts  will  give  an  olive-green 
precipitate  with  iodide  of  j^otassium;  the  mercuric  salts,  a  scarlet 
precipitate  with  the  same  reagent. 

The  use  of  hydrometers  having  mercury  in  the  lower  bulb  will 
frequently  give  a  mercury  impurity  in  the  electrolyte  througli  break- 
age of  this  bulb.  Consequently  it  is  better  to  use  only  a  shot-filled 
hydrometer. 

Test  for  niti^ates. — Some  diphenylamine  should  be  dissolved  in  a 
small  quantity  of  concentrated,  chemically  pure  sulphuric  acid  and 
put  in  a  test  tube.  A  small  quantity  of  electrolyte  is  then  carefully 
dropped  in  the  same  tube.  If  a  blue  color  results,  nitrates  or  nitrites 
are  present.  Traces  of  nitrates  are  very  objectionable.  They  cause 
a  surprisingly  rajDid  deterioration  of  the  plates. 

Reports  and  records. — The  proper  maintenance  of  a  storage  battery 
requires  that  tests  and  readings  be  taken  on  them  at  regular  inter- 
vals. To  that  end  the  Signal  Corps  requires  certain  reports  covering 
the  storage  batteries  installed  for  fire-control  installations  and  the 
post-telephone  systems  of  coast  artillei'v  posts. 

A  semiannual  report  is  required,  showing  the  condition  of  the  cells 
at  time  of  the  report,  number  of  times  charged  and  discharged,  the 
voltages  of  cells,  specific  gravity,  amperage  of  last  charge,  and  tests 
of  electrolvte. 
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Form  2G3  is  provided  for  submitting  this  report. 

A  storage-battery  record  book  is  provided  in  every  fire-control 
switchboard  room  for  recording  the  readings  necessary  for  the  opera- 
tion and  maintenance  of  the  batteries.  Data  showing  daily  specific 
gravity  and  temperature  readings.  Aveekly  end-cell  voltage  readings, 
and  information  regarding  the  pilot  cell  and  any  special  work  done 
on  each  cell.  shoAvn  by  weekly  insjx^ction.  and  the  specific  gravity  and 
voltage  for  each  cell  immediately  after  each  charge. 

No  records  or  reports  are  required  from  interior  posts,  but  it  is 
recommended  that  for  each  storai>e-batterv  installation  a  set  of  rec- 


Fic.  10. — "  Duro  "  Viattery  used  for  field  service. 

ords  be  maintained,  showing  the  information  which  the  instructions 
in  this  chapter  have  indicated  are  necessary  for  proper  maintenance 
and  operation. 

''  DURO  "    PORTABLE    STORAGE    BATTERIES,    FOR    USE    WITH    WIRELESS    PACK 
SETS,    U.    S.    SIGNAL    CORPS. 

For  use  with  field  Avireless  pack  sets  the  Signal  Corps  is  noAv 
furnishing  the  ''  Duro  ""  portable  storage  battery.  These  batteries 
come  in  sets  of  four  cells  each,  of  20  and  GO  ampere  capacity,  rated  on 
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1  ampere  discharge  rate.  The  jars  for  these  cells  are  made  of  hard 
rubber,  so  constructed  as  to  meet  the  requirements  of  a  portable  bat- 
tery. The  four  cells  comprising  the  battery  are  encased  in  a  case  of 
solid  cold  rolled  and  tinned  copper,  which  is  lead-lined  around  the 
top  to  a  point  2^  inches  beloM'  the  same,  and  has  a  steel  bottom. 
Between  the  jars  and  the  case  is  an  insulating  wall  of  semi-soft  wax 
to  act  as  a  protecting  cushion.  A  carrying  handle  of  strong  3-ply 
rubber  belting  is  provided.  The  plates  are  of  the  Faure  or  pasted 
type  and  are  made  upon  the  same  principle  as  those  for  stationary 
batteries.  Instead  of  ordinary  liquid  acid  electrolyte  there  is  used 
a  solid  or  semi-dry  gelatin  electrolyte,  which  makes  the  battery  port- 
able. It  is  necessarily  cleaner  and  requires  less  attention  than  the 
liquid  battery  used  in  the  same  manner.  The  covers  of  the  jars  are 
sealed  up  tightly  with  a  compound  of  asphaltum  wax  to  prevent  any 
possible  leakage. 

These  batteries  are  made  up  in  two  sizes,  20  and  CO  ampere  hours. 
The  20-ampere  hour  cell  is  usually  provided  for  the  wireless  pack  set. 

The  following  instructions  for  the  operation  and  maintenance  of 
this  type  of  storage  battery  should  be  closely  followed : 

When  in  use  the  ''  Duro  '"  battery  should  always  be  carried  in  a 
vertical  position,  with  all  plugs  tight  to  prevent  entrance  of  dirt. 
The  battery  should  be  given  a  thorough  discharge  at  a  normal  rate 
every  six  weeks  and  then  immediately  fully  recharged.  The  batteries 
can  be  charged  through  lamps  in  the  usual  manner,  previously  de- 
scribed in  this  chai3ter.  If  the  battery  is  not  used,  it  should  be  given 
a  discharge  every  six  weeks  and  recharged  as  described  above.  The 
case  and  terminals  should  be  covered  with  vaseline  after  the  set  is 
wiped  dry  with  a  rag. 

Testing. — The  condition  of  the  battery  is  best  indicated  by  the  volt- 
meter in  the  usual  manner.  The  normal  voltage  when  fully  charged 
is  the  same  as  that  for  other  types  of  lead  battery,  and  this  battery 
should  be  considered  completely  discharged  when  the  voltage  of  the 
individual  cells  reaches  1.8  volts. 

As  previously  stated,  the  voltage  should  be  read  on  close  circuit  and 
not  while  the  battery  is  on  open  circuit.  The  battery  should  never 
be  allowed  to  stand  in  a  discharged  condition.  When  it  reaches  the 
minimum  voltage  it  should  l)c  innnediately  recharged.  The  polarity 
terminals  of  the  battery  are  indicated,  and  care  should  be  taken 
that  they  are  correctly  connected  when  the  cells  are  rechai'ged.  The 
charging  rate  for  a  "  Duro"  20-ampere  battery  is  at  a  maxiuium  of  2 
amperes,  and  for  the  ()0-ami)ere  battery  a  maximum  of  :'>  amperes.  In 
cases  of  emergency  a  nuixinnnn  of  2i  amperes  for  the  20  and  4 
amperes  for  the  GO  ampere  hour  cells  is  possible,  but  this  is  not  ad- 
visable, as  the  company  states  that  this  is  very  severe  on  the  life  of 
the  batterv. 
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It  will  take  approximateh^  eight  hours  to  recharge  the  20  and 
twenty-one  hours  to  recharge  the  60-ampere  battery,  if  the  battery  is 
originally  completely  discharged.  Allien  the  charge  is  completed  or 
batteries  taken  off  for  use,  see  that  all  surplus  liquid  is  taken  off  from 
the  vents  by  means  of  a  syringe,  the  battery  wiped  dry,  and  tightly 
corked  for  use.  If  the  battery  is  left  to  stand  for  some  time,  it 
is  good  policy  to  leave  the  liquid  in  the  vents,  drawing  it  off'  only 
when  putting  in  use  again.  This  surplus  electrolyte  does  no  harm 
when  left  in  the  battery,  except  that  it  does  not  make  it  clean  and  dry 
to  use. 

The  following  is  a  summary  of  the  points  which  must  be  observed 
in  the  operation  and  maintenance  of  the  "  Duro  "  storage  battery: 

1.  Always  carry  in  a  vertical  position. 

2.  Battery  should  have  a  thorough  discharge  every  six  Aveeks. 

3.  Vents  should  always  be  kept  tight  when  in  use. 

4.  When  charging,  open  vents,  add  enough  pure  water  to  bring 
level  halfway  up  to  hole.  Leave  out  corks  while  charging  and  replace 
when  charge  is  completed. 


Chapter  III. 


THE     MORSE    TELEGRAPH. 


The  two  methods  of  arranging  the  ordinary  Morse  circuits  are 
called  the  "  open  "  and  ''  closed  "  circuit  systems. 

The  latter  is  frequently  called  the  American  s^^stem,  the  diagram  of 
which  is  given  in  figure  21.  In  this  only  one  line  battery  is  necessary, 
although  in  practice  it  is  found  better  to  divide  the  battery  between 
the  terminal  stations  as  shown,  care  being  taken  not  to  connect  the 
batteries  in  opposition.  Each  key  is  furnished  with  a  circuit-closer 
lever,  and  when  the  line  is  quiet  the  current  is  constantly  nuining. 
keeping  the  relays  and  sounders  closed.     When  any  station  opens  his 


1 


Fin.   21. 

circuit  by  means  of  the  lever,  he  controls  it  entirely  with  the  key. 
This  system  is  in  universal  use  in  the  United  States  and  Canada. 

The  diagram  of  the  open-circuit  system  is  given  in  figure  22.  In 
this  system  each  station  maist  have  sufficient  main-line  battery  to  work 
the  line.  The  keys  have  a  front  and  a  back  contact.  (See  fig.  25.) 
When  the  line  is  quiet,  there  is  no  current  running,  and  when  any  sta- 
tion depresses  his  key  he  breaks  the  back  contact  and  introduces  his 
main-line  battery  through  the  front  contact,  operating  the  relays 
on  the  line.  The  relay  is  frequently  put  in  the  back-contact  circuit, 
in  which  case  the  operator  does  not  work  his  own  relay,  thus  cutting 
60 
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its  resistance  out  of  the  circuit,  but  the  American  operator  prefers 
to  hear  his  own  instrument  work. 

This  system  has  been  used  exclusively  on  the  short  signal-corps 
submarine  cables.  It  obviates  the  constant  application  of  battery  to 
the  cable,  as  would  result  from  use  of  the  closed-circuit  system. 


Fig. 


TELEGKAPH-OFFICE   EQUIPMENTS. 


The  familiar  essential  instruments  of  the  ordinary  jMorse  telegraph 
office  need  but  brief  mention,  as  it  is  assumed  that  the  reader  is 
already  familiar  with  the  first  principles  of  telegraphy. 


Fig.   2."?. 


The  ordinary  American  Morse  or  closed-circuit  key  is  shown  in  fig- 
ure •l?i.  The  lever  A  is  ordinarily  of  steel  nickel  plated;  the  milled- 
head  screw  F  adjusts  the  tension  of  the  spring  below  it.  O  is 
the  base  which  supports  the  trunnion  bearings  of  the  key.  M  is  the 
circuit-closer  lever,  which  is  pivoted  at  the  rear  and  slips  under  a 
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curved  metal  jiiece.  S,  which  is  insuhited  from  tlie  ba^e.  I)iit  in  con- 
nection with  the  front  leg  L.  Tliis  front  leg  is  connected  with  the 
relay  and  the  bade  leg  L  to  the  battery  or  other  line  if  it  is  a  "way" 
office,  C  represents  the  upper  and  lower  contact  points  of  platinum, 
this  metal  resisting  the  corroding  action  of  the  spark  produced  on 
opening  the  key. 


Fk;.    24. 


The  legless  key  is  shown  in  figure  "24.  The  binding  posts  instead  of 
the  legs  are  connected  to  line  and  battery,  respectively.  The  parts 
corresponding  to  the  leg  key  are  similarly  lettered. 

The  "  open-circuit ''  key  has  an  insulated  front  and  an  insulated 
back  contact,  and  the  circuit-closing  lever  is  dispensed  with.  As 
shown  in  figure  25,  the  screw  C  on  the  base  of  the  key  is  connected 
with  the  relay,  the  insulated  lower  front  contact,  Z>,  with  the  battery, 


and  the  insulated  back  contact.  /:\  with  the  ground  at  a  terminal 
station  or  with  the  outiroino-  wire  at  a  "^  wav  "  station. 


THE    RELAY, 


The  function  of  the  relay  is.  briefly,  to  cause  a  comparatively  yow- 
erful  local  current  through  a  sounder  to  be  controlled  by  a  much 
feebler  one  in  the  main-line  circuit.  The  relay  coils  are  included  in 
the  main-line  circuit,  the  two  l)inding  posts  on  the  right  (fig.  26) 
being  connected  with  the  key  and  line,  respectively,  the  binding  posts 
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on   the    left    being"   connected   with    the   sounder    and    local   battery, 
respectively.     The    main    and    local    circuits    are    indicated    by    the 


I'^IG.    2tj 


broken  lines.  The  resistance  of  the  relay  coils  is  now  almost  uni- 
versally 150  ohms,  although  on  some  short  lines  a  "•pony"  relay  of 
'JO  ohms  is  used. 


Fig.  27. 


The  box  relay  with  the  key  on  the  base  is  shown  in  figure  JJ.  This 
relay  has  a  heavier  lever  for  giving  a  louder  sound  than  that  of  the 
ordinary  relay,  the  resonance  of  the  box  assisting.     As  it  may  be  used 


Fig.   2S. 


at  temporary  field  offices,  Avhen  local  batteries  are  not  obtainable,  and 
is  of  great  strength  and  simplicity,  it  is  a  most  useful  instrument  for 
militarv  lines. 
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Tlie  ""main-line  sounder  ""  (fi*>".  2!))  is  somewhat  of  an  improvement 
on  the  box  rehxy.  The  coils  are  usually  wound  to  iriO  ohms,  the  same 
as  other  main-line  instruments. 

The  "  pocket  relay  "  is  a  compact  form  of  main-line  sounder  for 
testing   purposes.     About    40    millianiDeres    current    is    required   to 

operate  the  150-ohm 
instrument  to  best 
advantage. 

THE    SOUXDEB. 

This  Avell  -  known 
instrument  is  shown 
in  figure  29,  this  be- 
ing one  of  the  most 
couunon  forms  now 
in  use.  Its  connec- 
tion with  the  relay 
and  local  battery  cir- 
cuit has  alreadj^  been 
indicated.  The  coils  are  usually  wound  to  a  resistance  of  4  ohms,  and 
it  requires  about  one-fourth  ampere  to  operate  the  sounder  as  vigor- 
ously as  is  required  for  ordinary  offices.  Hence  two  bluestone  cells, 
each  having  about  1  volt  E  ]M  F  and  2  ohms  internal  resistance,  will 
give  the  required  current. 

E  2 

(6'=-;  .25  =  2^2  +  4-^ 

If  the  sounder  is  put  in  circuit  with  a  cell  of  higher  E  M  F  and 
lower  resistance,  some  resistance  wire  should  l)e  put  in  to  keep  the 
current  down  to  one-fourth  ampere:  otherwise  the  battery  will  be 
used  up  wastefully.     For  example,  with  a  Fuller  cell  of  1.8  volts 


■Fk;. 


E  M  F  and  one-fourth  ohm  internal  resistance,  6^=  j-^  =  . 42  ampere, 

4+4 

which  is  considerably  more  current  than  necessary.     The  necessary 
added  resistance,  A",  can  be  found  as  follows:  Required  current  is  .25 

1  S 

ampere,  so  .25=:; — ^ t>;  1.06 +  .25  A'=1.8;  A^=3  ohms,  the  ''dead 

^      '  4+i+A 

resistance  "  to  be  introduced  in  circuit. 

In  cases  when  a  number  of  sounders  are  fed  from  one  storage  sell. 

a  '"dead  resistance*'  of  4  ohms  should  be  inserted  in  each  sounder 

circuit,  as  the  storage  cell  has  virtually  no  in.ternal  resistance  and  an 

E  M  F  of  2  volts. 
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SWITCHBOARDS. 


These  are  either  terminal  or  intermediate  in  their  use,  and  as  there 
is  considerable  difference  in  extent  and  character  of  the  wiring,  they 
will  be  considered  separately. 

The  intermediate  or  way-station  switchboard  is  represented  in 
simplest  form  in  figure  30.  Suppose  two  lines  coming  into  a  station 
are  brought  to  the  tops  of  the  vertical  strips  of  brass,  as  shown, 
usually  through  lightning  arresters.  These  latter  are  frequently 
strips  or  disks  of  brass  connected  Avith  the  ground  and  placed  close 
to  the  strips  connected  with  the  line.  Between  these  vertical  strips 
of  brass  are  vertical  rows  of  brass  disks,  all  the  disks  in  any  hori- 
zontal row  being  connected  together  by  a  metal  strip  on  the  back  of 
the  board.  Semicircular  spaces  are  cut  adjoining  each  other  in  the 
strijjs  and  disks,  so  connections  may  be  made  at  any  of  these  points 
between  the  disks 
and  strips  by  the  in- 
sertion of  conical 
metal  plugs  with 
hard  -  rubber  heads. 
By  means  of  these, 
sets  of  instruments 
may  be  connected  up 
with  each  other,  the 
different  lines,  or  the 
ground,  as  shoAvn. 
To  cut  out  a  set  of 
instruments,  insert 
plugs  at  21  or  22. 
To  cut  in  the  upper 
set    on    line    No.    1, 

take  plug  out  of  21  and  insert  plugs  at  4  and  5  or  3  and  G.  To  cut 
upper  set  in  on  line  Xo.  2,  remove  plugs  from  3,  4,  5,  6,  and  22  and 
insert  them  at  13  and  16  or  at  14  and  15.  In  a  similar  manner  the 
lower  set  of  office  instruments  may  be  cut  in  on  either  line. 

Suppose  either  of  the  sets  is  cut  in  on  No.  1.  If  to  test  we  wish 
to  ground  No.  1  east,  we  insert  a  plug  at  2.  The  closing  of  the  circuit, 
if  open  before,  will  show  at  once  that  the  line  is  open  east  of  us.  In 
like  manner  test  by  grounding  west  may  be  made  on  either  wire. 
The  foregoing  illustrates  the  use  of  the  ground  wire. 

Due  to  defects  in  one  of  the  lines,  the  main  office  may  desire  a 
"  patch  "  made.  This  means  that  it  is  desired  to  cross-connect  lines 
1  and  2.  Suppose  the  chief  operator  directs  that  line  No.  1  west  be 
connected  with  line  No.  2  east.  Of  course  it  is  desired  to  keejj  one 
of  the  sets  cut  in  at  this  office  on  this  patched  line. 
60240°— 11 5 
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Plugs  are  inserted  at  3  and  IG  and  all  other  plugs  are  removed. 

To  patch  No.  1  east  with  Xo.  2  west,  put  phigs  at  4  and  15. 

To  loop  No.  1  west  with  No.  2  west,  put  phigs  at  ?>  and  15,  if 
desired  to  leave  instruments  in.  If  desired  to  leave  them  out,  insert 
I^lug  at  13  instead  of  at  15. 

If  directed  t(^  ground  this  h)op.  as  may  he  needed  souietimes  in 
testing,  insert  a  plug  at  either  1  or  11. 

The  simplest  form  of  office  switch,  called  a  plug  cut-out.  is  shown 
in  figure  31.  The  line  wires  come  in  from  alx)ve.  the  wires  to 
instruments  come  out  below,  and  the  upper  central  wire  leads  to 
ground.  The  insertion  of  the  plug  in  the  upper  holes  grounds  "  east "' 
or  '"  west,"  and  when  in  the  lower  hole  cuts  out  the  station.     The 

central  ground  plate  near  the  line 
strij^s  acts  as  a  lightning  arrester. 


LIGHTNING    ARRESTKKS. 

The  principle  in  general  upon 
which  these  are  made  is  to  bring 
the  line  or  some  of  the  first  metal 
parts  to  which  it  is  connected  in  the 
office  close  to  a  conductor  connected 
directly  to  the  ground.  The  light- 
ning jumps  to  this  ground  connec- 
tion instead  of  going  through  the 
instruments.  These  arresters  are 
frequently  parts  of  the  switchboard,  consisting  of  a  metal  plate  con- 
nected to  the  ground,  extending  across  the  Aertical  line  straps  and  not 
quite  touching  them,  or  of  a  series  of  brass  disks  extending  closely 
over  the  straps,  the  disks  being  all  connected  to  the  ground  wire.  A 
simple  form  of  arrester  is  shown  in  figure  31,  being  part  of  the  plug 
cut-out. 

The  Mason  lightning  arrester  of  figure  32  is  much  used  in  signal- 
corps  work.  It  comprises  a  porcelain  base  B  on  which  are  mounted 
two  line-binding  j)osts  L  L^  connected  to  two  mica  fuses  F  F^.  These 
fuses  connect  with  choke  coils  (J  C\,  which  end  in  binding  posts  7'  1\. 
The  line  wires  are  connected  to  the  binding  posts  L  Z,  and  instru- 
ment-binding ])osts  T  1\.  The  coils  C  (\  are  wound  around  carbon 
cores  F  and  are  insulated  therefrom  by  mica  plates  .1/.  These  mica 
plates  do  not  completely  inclose  the  carbon  block,  but  leave  a  small 
air  gap  in  the  corners  of  the  carbon.  The  carbons  are  connected  to 
the  binding  posts  ('.  which  in  turn  is  connected  to  ground.  The 
theory  of  the  action  of  these  coils  is  that  a  high  frequency  oscillatory 
current  such  as  lightning  coming  in  on  the  line  will  find  a  path  from 
the  corners  of  the  coil  to  the  carbon  coi-e  of  less  resistance  than 
through  the  coil  to  instrument.     This  discharge  takes  place  at  the 


Fig.  31. 
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corners,  due  to  the  fact  that  the  tendency  for  the  discharge  to  leave 
the  wire  is  greater  at  these  points  and  that  there  is  an  air  gap  be- 
tween the  mica  phites.  AMiile  these  coils  are  a  protection  against 
high  frequency  current,  they  are  not  affected  by  continuous  or  low 
frequency  current.  It  is  also  found  that  in  the  case  of  high  potential 
discharge  a  low  resistance  circuit  is  set  up  to  ground,  which  causes  an 
abnormal  current  to  flow  through  the  arrester.  To  provide  against 
these  abnormal  currents  a  form  of  fuse  is  usually  installed  in  connec- 
tion with  the  outside  gap  F.  These  fuses  are  provided  with  a  fine 
wire  for  carrying  current  mounted  on  a  mica  strip  in  the  case  of  the 
Mason  arrester.     This  wire  is  burnt  off  by  excessive  current  on  thus 


Fig.  .32. — Mason  lightning  arrester  witli  Z  link  fuse. 

opening  the  circuit.     It  will  be  seen  from  this  that  the  line  should 
invariably  be  connected  to  the  fuse  side  of  the  arrester. 

TERMINAL   OFFICE    SAVITCHBOARD    AND    BATTERY    ARR.\NOEMENTS. 

The  general  plan  of  the  terminal  switchboard  is  shown  in  figure  33, 
introducing  a  row  of  spring  jacks  at  the  bottom  of  the  board.  The 
method  of  utilizing  these  in  cutting  in  sets  of  instruments  by  insertion 
of  the  double  flat  plugs  is  shown.  These  flat  plugs,  with  hard-rubber 
insulation  between  the  metal  strips  composing  them,  are  connected 
with  flexible  insulated  double-conducting  cords  leading  to  the  sets  of 
instruments.  It  will  be  seen  that  each  line  comes  in  through  a  fuse 
wire  to  the  top  spring  contact  of  the  jack,  and.  if  no  plug  is  inserted 
passes  through  the  back  contact  and  up  to  one  of  the  vertical  straps  of 
the  board.    The  insertion  of  a  round  conical  plug  at  the  appropriate 
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disk  connects  it  to  the  battery  and  ground.  The  insertion  of  a  flat 
plug  and  cord  leading  to  a  set  will  introduce  that  instrument  into  the 
circuit.  The  various  arrangements  for  interconnecting,  the  provision 
for  duplex  and  repeater  sets,  and  the  connections  for  loop  switches 
can  be  studied  out,  especially  if  the  reader  will  consult  Maver's 
American  Telegraphy  and  Jones's  Pocket  Edition  of  Diagrams,  etc.. 
both  of  which  have  been  consulted  in  preparing  the  diagrams  and 
above  descriptions. 

As  most  modern  terminal  and  repeating  offices  are  now  provided 
with  storage  battery  and  dynamo  sources  of  current,  the  method  o^ 
supplying  the  terminal  switchboard  and  its  connecting  lines  will  be 
described  in  the  general  scheme  outlined  in  figure  M. 


2Di5Cl9 


Fig. 


With  the  wire  E  F  disconnected  and  the  +  and  —  mains  con- 
nected, as  shown  in  the  dotted  lines,  the  cells  are  connected  to  the 
dynamo  in  two  rows  in  parallel  for  charging.  AAHien  completely 
charged  they  are  disconnected  at  C  and  D  and  reconnected  by  E  F. 
This  puts  the  (50  cells  in  series  again  Avith  the  negative  end  to  ground. 
At  various  points  (10,  20,  30,  etc.)  taps  are  taken  off,  through  incan- 
descent lamps  introduced  as  safety  resi;^tances,  to  various  horizontal 
rows  of  disks  on  the  switchboard.  Thus,  beginning  at  the  top.  this 
row  of  disks  is  at  the  highest  potential  (120),  and  a  conical  i)lug  in- 
serted, connecting  any  disk  of  this  row  with  the  line  leading  to  the 
vertical  strap  through  the  jack  at  the  bottom,  will  give  the  strongest 
current,  and  so  on  down  the  rows  to  10,  which  brings  into  the  circuit 
onlv  the  last  5  cells  next  to  the  grounded  end  of  the  battery.     The 
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low  internal  resistance  of  the  storage  battery  permits  feeding  almost 
any  number  of  lines  out  of  the  same  row  of  cells  without  interference. 
The  introduction  of  lamp  resistances  is  necessary  because  of  this  low 
internal  resistance  of  the  cells,  as  a  grounding  of  the  line  close  to  the 
tenmnal  office  would  otherwise  cause  a  current  dangerous  to  the  in- 
struments. The  amount  of  lamp  resistance  to  be  inserted  at  each 
potential  is,  according  to  Jones,  in  his  Pocket  Edition  of  Diagrams, 
etc.,   2    ohms    for   each   volt.     One   ordinary    16-candlepower   lamp 
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Fig.  34. 


would  be  about  right  for  the  110-volt  potential,  and  two  of  these  in 
parallel  for  the  50-volt  potential. 

Telegraph  Repeaters." 


THE   MILLIKEN    REPEATER. 


This  was  one  of  the  earliest  repeaters  introduced  into  the  telegraph 
service,  and  it  is  still  a  standard  repeater  of  the  principal  telegraph 
companies  of  this  country. 

This  repeater  may  perhaps  be  termed  an  automatic  electro-mechan- 
ical repeater,  for,  while  electricity  is  the  controlling  force  in  the  per- 
formance of  its  automatic  functions,  the  ultimate  action  is  mechanical, 
as  will  be  seen. 

Figure  35  is  a  theoretical  diagram  of  the  connections  of  the  Milliken 
repeater.  R  and  R'  are  the  main-line  relays.  EM  and  EM'  are 
extra  magnets,  which,  in  practice,  are  supported  on  metal  standards 

"  The  descriptions  and  diagrams  of  the  Milliljen  and  Weiny-Phillips  repeaters 
are  taken  by  permission  from  Maver's  American  Telegraphy. 
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that  hold  them  ii«ridly  in  their  respective  positions  rehitive  to  the 
main-line  relays.  The  armature  levers  of  the  extra  relays  are  pivoted 
at  the  top  as  shown.  T  and  T'  are  transmitters.  The  levers  L  L'  oi 
the  transmitters  are  insulated  from  the  ton^rues  ,/•  ,/''  at  points  i  V 
and  from  screw  posts  F  F'  by  small  pieces  of  hard  rubber. 


:a-Hi 


^ 

lIlIlI^- 


^-Hi 


The  workinor  of  this  repeater  may  perhaps  be  best  described  by 
assumiiiii-  that  the  east  is  about  to  send.  To  that  end  he  opens  his  key; 
that  opens  relay  R'  and  its  lever  V  falls  back,  as  in  the  ficrure,  and 
opens  the  local  circuit.  controllin<r  the  transmitter  T' .  As  the  latter 
instrument  opens,  it  first  breaks  the  local  circuit  of  KM  at  a  :  the 
retractile  spring  S  of  extra  magnet  EM  at  once  jjulls  its  lever  against 
the  lever  /  of  relay  R  as  in  figure:  presently  the  transmitter  T'  opens 
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the  western  circuit  at  x' ;  this  demagnetizes  relay  h\  and  its  spring 
would  withdraw  its  lever  I  from  its  front  stop  /,  thereb}^  opening  the 
transmitter  7",  and  consequently  the  eastern  circuit  at  .r.  Init  that,  as 
already  said,  the  lever  of  KM  is  against  lever  7,  holding  it  on  its  front 
stop,  and  thus  keeping  the  local  circuit  of  7'  closed.  When  the  east 
again  closes  his  key,  relay  /?'  also  closes:  conseciuently  so  does  T' . 
This  action  closes  /iW,  and  the  lever  of  that  instrument  is  withdrawn 
from  its  position  against  the  lever  R.  This  releases  ^'s  lever,  but, 
as  now  the  western  circuit  is  closed  at  a'',  the  lever  I  is  held  forward 
by  its  armature. 

In  this  way  the  function  of  the  repeater  in  keeping  closed  the  oppo- 
site transmitter,  and  virtually  also  the  circuit  which  is  being  ''  re- 
peated "  into,  is  performed. 

Should  the  west  now  desire  to  "  break  "  or  send  to  the  east,  he  opens 
his  key,  Avhich  action,  by  opening  the  local  circuit  of  transmitter  T  at 
F^  opens  the  eastern  circuit  at  x.  The  east,  finding  his  circuit  now 
open,  closes  his  key  to  await  the  remarks  of  the  west,  when  the  "  re- 
peating" actions  just  described  are  reversed. 

THE    WEIXY-PIIILLIl'S    REPEATER. 

This  repeater,  which  is  in  operation  on  the  lines  of  the  United 
Press,  the  Postal  Telegraph  Company,  and  elsewhere,  is  shown  in 
figure  36.  The  opposite  transmitter  is  kept  closed  at  the  repeating 
station  by  the  action  of  an  extra  magnet  added  to  the  main  line  re- 
lays, the  construction  and  operation  of  which  is,  briefly,  as  follows : 
The  extra  magnet  is  w^ound,  as  shown,  with  two  coils,  through  which 
a  current  flows  from  a  local  batter}^  in  opposite  directions  around  the 
core,  so  that  the  latter  is,  normally,  not  magnetized.  When,  however, 
one  of  these  extra  coils  is  opened  the  current  in  the  other  coil  mag- 
netizes the  core.  The  wire  which  is  joined  to  both  coils  of  the  extra 
magnet  goes  directly  to  the  right-hand  end  of  the  opposite  local  bat- 
tery. The  other  end  of  each  coil  passes  to  the  other  pole  of  the  same 
battery,  one  coil  by  way  of  the  left-hand  post  and  the  other  by  way 
of  the  lever  of  the  opposite  transmitter,  as  shown.  This  lever  is  in- 
sulated from  the  left-hand  post  when  the  transmitter  is  open.  Conse- 
quently, when  the  left-hand  transmitter  is  open,  as  in  figure,  the  cir- 
cuit of  the  left-hand  coil  of  the  extra  magnet  of  the  eastern  relay  is 
open  at  the  left-hand  post  of  the  western  transmitter,  and  as  a  result 
thereof  that  extra  magnet  is  magnetized  by  the  current  passing 
through  the  right-hand  coil,  and  hence  the  armature  lever  of  that  re- 
lay is  held  against  its  front  stop.  Thus,  for  example,  when,  as  in  the 
figure,  the  west  sends  to  the  east,  and  thereby  opens  his  key,  the  west- 
ern relay  in  the  repeating  office  opens  and  its  armature  lever  falls 
back,  opening  the  local  circuit  of  the  western  transmitter.     As  this 

OF  THE 
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transmitter  opens  it  first  breaks,  at  its  left-hand  post,  the  circuit  of 
the  left-hand  coil  of  the  extra  majrnet  of  the  eastern  relay,  and  next 
opens  the  eastern  main  line  circuit  at  the  rijrht-hand  post.  As.  how- 
ever, the  armature  of  the  eastern  relay  is  kept  closed  in  the  manner 
stated  by  its  extra  magnet,  the  eastern  circuit  remains  unbroken  in  the 
repeating  station.  - 


The  local  battery,  it  will  be  seen,  is  also  utilized  to  operate  its  re- 
spective transuiitter.  A  button  switch  is  placed  on  the  base  of  each 
transmitter  for  the  purpose  of  short-circuiting  the  main  line  contact 
points  on  the  transmitter  when  it  is  desired  to  use  the  transmitter 
shnply  as  a  sounder  for  the  relay. 
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DUPLEX  TELEGRAPHY." 

By  duplex  telegraphy  is  meant  the  sending  of  two  messages  over 
one  wire  in  opposite  directions,  that  is,  one  from  each  end  of  the  wire, 
simultaneously. 

In  ordinary  Morse,  or  single-wire  Avorking,  signals  can  only  be 
transmitted  by  one  station  at  any  one  time,  because  the  opening  of 
any  one  of  the  keys  operates  all  the  instruments  on  the  circuit. 

To  make  duplex  telegraphy  possible,  therefore,  it  is  essential  that 
the  signals  transmitted  from  the  home  station  shall  not  interfere  with, 
the  signals  to  be  received  at  the  home  station.  The  home  receiving 
instruments  at  each  station  must  consequently  be  so  constructed  or  so 
placed  that  while  ready  to  respond  to  signals  from  the  distant  sta- 
tion they  will  not  respond  to  signals  transmitted  from  the  home  end. 

These  requirements  are  met  in  several  ways,  but  the  two  most  ini- 
jiortant  are  known  as  the  "diti'erential "  and  the  '*  bridge  "  methods. 


1 


"^ 


Fig. 


In  figure  37  B  is  a  bar  of  soft  iron,  around  which  are  wound  two 
similar  coils  of  insulated  wire  which  respectively  start  from  a  com- 
mon battery  }>,  and  are  continued  by  wires  1  and  2  to  the  earth. 
Since  the  current  generated  at  5  has  a  choice  of  paths  to  complete  its 
circuit,  it  divides  in  proportion  to  the  resistance  of  each  path.  In 
figure  37  the  coils  are  Avound  around  h  in  opposite  directions.  The 
resistance  of  each  wire,  1  and  2,  attached  to  the  coils,  is  the  same, 
hence  an  equal  amount  of  current  flows  through  each  coil  from  bat- 
tery to  earth.  Consequently  the  current  in  coil  1  has  a  tendency  to  make 
one  end  of  the  bar  a  north  pole,  while  the  current  in  coil  2,  being  in 
the  opposite  direction  around  the  bar,  has  an  equal  tendency  to  malc*^ 
the  same  end  a  south  pole.     Hence  the  bar  is  not  magnetized  by  either 


"  From  Maver's  "American  Telegraphy,"  V)y  i)ermi8sion. 
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coil,  as  tlie  magnetizing-  ettect  of  the  one  is  neutralized  by  the  equal 
and  opposite  magnetizing  effect  of  the  other. 

Since,  then,  with  equal  currents  flowing  in  these  coils  in  opposite 
directions,  no  magnetic  effect  is  produced  in  the  bar.  it  is  clear  that 
it  is  immaterial  Avhether  the  current  from  h  be  flowing  or  not  so  far 
as  the  bar  is  concerned. 

A  bar  of  soft  iron,  or  a  relay,  wound  in  the  manner  stated  is  said 
to  be  wound  ''differentially,''  not  because  of  the  opposite  winding, 
but  because  they  are  operated,  that  is,  magnetized,  by  differences  in 
current  strength  in  the  respective  coils. 

Suppose  now  that  the  bar  />.  in  figure  ?>8,  represents  a  home  relay 
of  a  duplex  telegraph  system,  and  that  bar  B'  is  the  core  of  a  distant 
relay,  with  but  one  coil  shown.  In  order  that  equal  currents  from 
the  battery  at  the  home  station  sliall  still  pass  through  the  coils  of  B, 


Fic.  as. 

a  coil  of  wire  R,  equal  in  resistance  to  the  line  wire  between  B  and  B' 
added  to  the  distant  coil  around  B'  is  placed  in  wire  2.  The  result 
is  that,  owing  to  the  winding  of  its  coils,  B.  at  .1,  is  not  magnetized 
by  the  current  from  the  battery  at  .1,  but  as  the  current  from  that 
battery  passes  in  one  direction  only  around  B'  that  bar  is  magnetized. 
If,  no^Y,  a  key  were  placed  in  the  circuit  at  A',  and  it  should  be  opened 
and  closetl,  the  bar  B  would  remain  unaffected,  as  before,  but  B'  would 
be  magnetized  and  demagnetized,  as  in  the  case  of  a  relay  in  an  ordi- 
nary Morse  single  circuit. 

If,  then,  differentially  wountl  relays  be  placed  at  both  ends  of  the 
wire,  with  a  battery,  key,  and  resistance  coils  at  both  stations,  it  will 
be  found  that  neither  of  the  relays  will  be  responsive  to  its  home  bat- 
tery, but  that  each  will  respond  to  the  movements  of  the  distant  key, 
or  transmitter,  in  a  manner  which  ma}^  be  understood  by  the  aid  of 
the  following  fiirures. 
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In  figure  39  Z>  is  an  iron  bar  which  maj-  correspond  to  a  duplex 
relay  at  A.  h'  is  a  battery  at  a  distant  station  in  circuit  1.  The 
resistance  of  wires  1  and  2  are  supposed  to  be  equal.  Battery  V  is  so 
arranged  that  its  current  coincides  in  direction  with  the  current  from 
battery  h.  It  is  assumed  that  the  electromotive  force  of  each  battery 
is  the  same.  The  effect  is  that,  the  electromotive  force  in  wire  1  being 
doubled,  the  current  in  wire  1,  and,  consequently,  in  coil  1,  of  the  home 
relay,  is  doubled,  w^hile,  as  the  electromotive  force  in  wire  2  has  not 
been  increased,  the  current  in  coil  2  remains  as  in  figure  38.  This 
"excess"  of  current  in  coil  1  magnetizes  the  bar  virtually  as  if  there 
Avere  but  one  coil  with  a  current  from  one  of  the  batteries  flowing  in  it. 

Should  the  battery  at  the  distant  end  be  so  connected  that  its  elec- 
tromotive force  opposed  that  at  A^  the  result  will  be  that  no  current 
will  flow  in  wire  1 ;  but,  as  there  is  no  opposing  electromotive  force 
at  the  distant  terminal  of  wire  2,  a  current  will  flow  throucli  coil  2 
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and  wire  2  from  the  battery  at  xl,  and  this  will  magnetize  the  core 
of  the  relay.  From  which  it  is  seen  that  it  is.  in  a  sense,  immaterial 
Avhether  the  batteries  at  the  ends  of  the  wire  1  assist  or  oppose  each 
other.  In  either  case  the  operation  of  home  relay  will  be  due  to  the 
operation  of  the  distant  key. 

The  main  feature  of  the  differential  method  just  described  is  that 
it  prevents  the  home  l)attery  from  affecting  the  home  relays,  by  secur- 
ing, so  far  as  the  home  battery  is  concerned,  an  equal  flow  of  current 
through  each  coil  in  opposite  directions  around  the  core,  but  yet 
leaves  those  relays  free  to  be  actuated  by  the  distant  battery,  which 
latter  is,  of  course,  essential. 

There  is,  as  already  noted,  another  method  employed  for  the  same 
purpose,  namely,  the  "bridge"'  method  which  depends  for  its  success 
in  preventing  the  effect  of  home  battery  upon  the  home  relay  upon 
the  maintenance  of  an  equal  and  opposite  potential,  or  pressure,  at 
the  terminals  of  the  bridge  wire  in  which  the  relay  is  placed.     This 
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inetliod,  which  Avill  now  be  (lescribed.  is  founded  on  the  principle  of 
the  Wheatstone  bridge. 

'"''Bridge  "  metlwd. — In  figure  40  Avires  1  and  2  and  battery  remain 
as  before.  The  coil  around  the  bar  Z>,  representing  the  rela}',  is  now 
shown  connected  between  wires  1  and  2.  In  this  arrangement  but 
one  coil  is  necessary  in  the  relay.  <t'  and  V  are  resistance  coils  placed 
in  the  "arms"  of  the  Wheatstone  bridge.  Assuming  the  resistance 
(fig.  40)  of  these  arms  to  be  equal,  and  the  wires  1  and  2  also  equal, 
the  electric  pressure  or  potential,  due  to  battery  ^,  at  the  terminals 
of  the  bridge  wire  must  be  equal  and  opposite,  consequently  a  cur- 
rent will,  of  course,  not  flow  through  the  bridge  wire,  and  hence  the 
bar  B^  or  rela}^,  as  in  practice  it  would  be,  is  not  magnetized. 

If  a  battery  be  placed  in  the  circuit  at  the  distant  end  of  wire  1 
it  will  cause  the  potential,  or  pressure,  to  yary  so  that  a  difference  of 
potentials  is  brought  about  at  the  terminals  of  the  bridge  wire  and  a 


Fig.  40. 

current  Ayill  flow  from  the  terminal  of  higher  to  the  teiMiiinal  of 
lower  pressure. 

If  then  (as  in  the  case  of  the  "  differential "  method)  each  end  of  a 
duplex  circuit  be  equipped  with  the  bridge  arrangement,  etc..  it  is 
clear  that  the  yariation  of  pressure  at  the  terminals  of  the  bridge 
wire,  due  to  the  operation  of  the  distant  keys,  will  effect  an  analogous 
result  to  that  of  the  excess  of  current  in  <me  of  the  coils  in  the  differ- 
ential arrangement  of  the  coils  of  the  relays,  namely,  a  current  will 
flow  in  the  coil  and  the  core  will  be  magnetized. 

In  the  single  Morse  system,  as  stated,  when  any  one  key  is  open  it 
opens  the  entire  circuit;  consequently,  during  that  time,  no  other  key 
can  ''operate"'  the  circuit.  It  is  clear  that  such  a  result  following 
o])ening  of  one  of  the  keys  in  a  duplex  telegraph  system  would  be 
fatal  to  success.  This  result  is  avoided  in  duplex  teiegra])liy  by  the 
use  of  keys,  or  transmitters,  of  peculiar  construction,  which  will  be 
described  later  on. 
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There  are  two  systems  of  din)lex  telegraphy  (jiiite  generally  used  in 
this  country,  namely,  the  Stearns  duplex  and  the  polar  duplex. 

The  Stearns  duplex  system  is  operated  by  "  increase  "  and  "  de- 
crease "  of  current  on  the  line,  or  by  placing  the  line  to  ground  and 
to  the  battery,  alternately. 

The  polar  duplex  is  operated  by  ''  reversals  of  polarity,"  obtained 
by  alternately  placing  first  one  pole  and  then  the  other  of  a  l)attery. 
or  other  source  of  electricity,  to  the  line. 

In  the  operation  of  these  systems,  as  will  be  noted  in  the  ensuing 
description,  distinctly  different  apparatus  is  employed.  They  may 
be  arranged  on  either  the  "  difi'erential  "  or  '"  bridge  "  plan.  The 
differential  is  the  one  more  frequently  employed  in  overland  teleg- 
raphy; the  bridge  plan  is  almost  invariably  employed  in  submarine 
telegraphy. 

THE  STEARNS  DUPLEX. 

The  Stearns  duplex,  is  broadly  speaking,  operated  in  practically  the 
same  wa}'  as  is  the  ordinary  Morse  telegraph  system,  namely,  by  the 
placing  of  a  battery  in  the  line  to  actuate  or  magnetize  the  home  relay, 
thereby  attracting  the  armature,  and  by  removing  such  battery  from 
the  line,  thereby  permitting  the  retractile  sjjring  of  the  armature 
lever  to  withdraw  it  from  the  core  of  the  relay. 

The  home  battery  is  prevented  from  affecting  the  home  relay  when 
the  home  key  is  opened  and  closed  in  the  manner  described  as  the 
"differential,*'  namely,  by  winding  the  relays  "differentially.''  This 
duplex  is  sometimes  termed  the  differential  duplex. 

In  actual  duplex  Avorking  in  which  the  differential  or  bridge  plan 
is  utilized  it  is  necessary  that  the  resistance  of  the  wires  attached  to 
the  respective  coils  of  the  relays,  or  to  the  arms  of  the  "  bridge,"' 
should  be  equal,  that  an  equal  strength  of  current  from  the  home 
battery  should  tend  to  flow  in  each  coil  or  wire. 

In  the  arrangement  of  a  "differential""'  duplex,  as  the  main-line 
wire  is  connected  to  one  of  the  coils  of  the  relay  at  each  terminal 
station,  it  is  clear  that  considerable  "  resistance  "  must  be  connected 
up  with  the  other  coil  to  insure  that  the  current  flowing  in  the  latter 
coil  shall  be  equal  in  strength  to  that  in  the  former  coil.  It  is  clear 
also  that  if  in  duplex  telegraphy  it  were  necessary  to  provide  a  wire, 
similar  in  size  and  length  to  the  main-line  wire,  wherewith  to  bring- 
about  this  equality  of  current  in  both  coils,  the  main  advantage  of 
duplex  telegraphy,  namely,  its  ability  to  provide  additional  facilities 
for  telegraphing  without  increased  expenditure  for  wires,  would  be 
lost. 

But  such,  fortunately,  is  not  the  case,  for  it  is  well  known  that,  with 
a  given  electromotive  force  and  a  circuit  of  a  given  resistance,  the 
strength  of  current  will  be  the  same,  whether  the  conductor  compos- 
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ing  tlie  circuit  I)c  1  mile  or  100  miles  in  length.  1  inch  or  1  foot  in 
diameter. 

Availing  of  this  fact,  the  resistance  necessary  to  insure  the  equality 
of  currents  referred  to  is  made  up  of  "  resistance  coils,"  composed  of 
small  wire  of  high  resistance,  termed  a  '"  rehostat,"  or  "  resistance 
box,"  which  is  constructed  in  such  a  manner  that  the  resistance  may 
be  varied  until  it  is  found  to  equal  the  resistance  of  the  main  line. 
When  this  result  is  obtained  the  duplex  is  said  to  be  *'  balanced." 
The  method  of  obtaining  this  balance  will  be  fully  described. 

In  figure  41  the  connections  and  apparatus  of  a  Stearns  duplex 
system  are  shoAvn,  theoretically.  Two  stations,  A'  and  Y.  are  repre- 
sented and  the  instruments  and  apparatus  at  one  station  are  duplicates 
of  those  at  the  other. 


^M 


B~ 


XI 


Fk;.  41. 


R  and  IV  represent  the  resistance  coils  just  referred  to.  Tn  prac- 
tice these  coils  are  generally  termed  the  ''  artificial  "*  line:  sometimes 
the  compensating  line. 

The  coil  of  the  relay  at  either  end  which  is  connected  to  the  main 
line  is  termed  the  "  main-line  "  coil;  the  coil  connected  to  the  resist- 
ance coils,  the  "  artificial-line  "  coil. 

B  and  B'  are  the  main  batteries.  T  and  T'  are  instruments  known 
as  "continuity-preserving"  transmitters,  but  ordinarily  termed  sim- 
ply transmitters.  These  transmitiei-s  are  operat(>d  by  a  hn-al  battery 
and  Morse  key,  as  indicated  in  the  figure.  Dill'erential  relays  /■  and  /' 
are  placed  at  each  terminal. 


CONTINIITV-PRESKRVINC.    TRANSMITTER. 


The  transmitter  in  the  Stearns  duplex  takes  the  place  of  the  key  in 
the  simple  Morse  system.  Tt  has.  as  may  be  seen  (7'  T'  in  figs.  41  and 
43),  a  lever  Z,  which  is  bent  at  one  end.     The  lever  carries  a  piece  of 
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iusulatirg  material  J/,  on  ^vhicll  is  fastened  a  strip  of  metal  .s',  gen- 
erally of  steel,  called  the  ''  tongue,"'  Avhich  extends  under  the  bent  end 
of  the  lever  L.  A  metal  post  or  standard  P,  is  equipped  with  a 
screw  6-,  the  lower  end  of  whicli  is  near  to  and  in  certain  positions  of 
L  touches  the  tongue  .s'.  making-  contact  therewith,  as  at  transmitter  T . 

A  wire  leading  to  the  line  is  generally  connected,  as  shown,  to  the 
tongue,  the  battery  wire  to  the  post  F,  and  the  "ground"  wire  to 
the  lever  L.  Hence,  when  so  connected,  if  the  transmitter  be  *"  open  "' 
the  line  is  placed  to  the  ground,  as  at  T' ;  and  if  it  be  "closed,"  bat- 
tery is  placed  to  the  line,  as  at  T . 

The  transmitter  derives  its  name,  "continuity  preserving,"  from 
the  fact  that  by  the  arrangement  of  the  tongue  s\  the  screw  6-,  and  the 
bent  end  of  the  lever  L  the  line  Avire,  which  is  attached  to  s'.  as  shown, 
is  transferred  from  the  battery  to  the  earth  without  any  "  break ""  in 
the  "  continuity  "  of  the  circuit. 

This  will  be  apparent  from  an  examination  of  the  diagram.  In  the 
figure  the  transmitter  at  A'  is  closed.  When  it  opens,  the  right  end 
of  the  lever  will  descend,  and  as  it  does  so  the  tongue  s'  will  come  into 
contact  with  the  bent  end  of  L,  which  wall  withdraw^  -s'  from  s  and 
leave  it  in  the  position  shown  at  station  Y .  wdiere  the  key  controlling 
T'  is  open. 

OPERATION    OF    PI  Ff  ERENTI AI.    DUPLEX. 

In  figure  41,  as  just  stated,  the  transmitter  T  is  closed  and  T'  is 
open. 

This  places  the  positive  pole  of  battery  B  to  the  line  and  leaves  bat- 
tery B'  open,  but  places  the  line  wire  to  the  ground  at  Y . 

The  current  from  A'  divides  in  equal  parts  at  a?,  one  part  passing  to 
the  main  line  and  ground  at  J\  the  other  to  the  artificial  line  R  and 
ground.  The  result  is  that  since  the  current  from  battery  B  passes 
around  the  coils  of  r  in  equal  and  opposite  directions,  no  effect  is  pro- 
duced upon  that  relay.  At  the  distant  end  Y .  however,  the  current 
only  passes  through  line  coil  of  relay  r  to  the  ground,  and  conse- 
quently that  relay  is  magnetized  and  its  armature  is  attracted. 

The  statement  that  the  current  only  passes  through  the  line  coil  of 
the  relay  at  Y  might  be  slightly  qualified,  since,  while  it  is  true  that  in 
the  position  of  the  transmitters  in  the  figure  the  bulk  of  the  current 
will  pass  through  that  coil  to  the  ground  via  transmitter  T\  it  is  the 
case,  also,  that  a  smaller  portion  of  the  current  w^ill  pass  through  the 
artificial-line  coil  of  r'  to  the  ground  via  R' ;  but,  as  in  doing  so  it 
passes  around  the  core  of  the  relay  in  a  direction  similar  to  that  in 
which  the  current  traversing  the  line  coil  passes  around  the  same  core, 
it  only  assists  in  the  further  magnetization  of  the  relay.  The  amount 
of  current  which  will  flow  through  the  artificial  coil  at  this  time 
depends  upon  the  respective  resistances  of  Sc'  and  R' .     The  greater 
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the  resistance  of  Sc' ,  the  resistance  of  W  remaining  the  same,  the 
greater  will  be  the  strength  of  current  traversing  the  artificial  line  R' . 
If  there  were  no  appreciable  resistance  at  Sc\  virtually  no  current 
would  pass  through  the  artificial  coil. 

When  the  conditions  are  reversed  and  transmitter  T'  is  closed  and 
T  is  open,  the  relay  at  Y  will  not  be  affected  by  battery  5,  while  the 
relay  at  A'  will  be  operated. 

AVhen  both  transmitters  are  closed  simultaneously,  thus  placing  a 
positive  pole  to  the  line  at  X  and  a  negative  i^ole  to  the  line  at  Y.  the 
effect  will  be  that  practically  twice  the  amount  of  current  will  pass 
through  the  main-line  coils  of  the  relays  as  will  pass  through  the 
artificial-line  coils. 

This  is  due  to  the  fact  that  the  placing  of  both  batteries  to  the  line 
has  doubled  the  electromotive  force  on  the  main-line  current,  while 
practically  only  the  electromotive  force  of  one  battery  is  placed  to 
the  artificial  line  at  each  station.  This  gives  a  preponderance  of  cur- 
rent in  each  main-line  coil,  owing  to  which  the  cores  of  the  relays  are 
magnetized  and  their  armatures  are  attracted. 

Hence,  since,  as  we  have  seen,  with  the  distant  key  open  and  the 
home  key  closed  or  open,  the  home  relay  remains  open,  it  is  obvious 
that  it  is  practically  immaterial  whether  battery  is  to  the  line  or  not 
at  the  home  station  so  far  as  regards  signals  sent  from  the  distant  end. 
In  other  words,  oAving  to  the  differential  arrangement  of  the  coils  of 
the  relays  and  the  fact  that  each  coil  is  part  of  a  circuit  of  equal 
resistance,  the  home  relay  is  only  responsive  to  changes  in  the  current 
strength  due  to  the  operation  of  the  distant  transmitter. 

SPARK    COIL. 

In  figure  41  Sc  is  a  small  resistance  coil  (often  termed  the  spark 
coil)  employed  to  compensate  for  the  internal  resistance  of  the  main- 
line battery  when  the  transmitter  is  open.  The  object  in  using  this 
coil  is  to  maintain  a  uniform  resistance  on  the  line  in  either  position 
of  the  transmitter.  For  instance,  assuming  the  internal  resistance  of 
a  battery  to  be  800  ohms.  Avhen  the  battery  is  to  the  "  line  "  this  300 
ohms  is  added  to  the  resistance  of  the  line.  Avhereas  when  the  trans- 
mitter is  "  open  "  it  would  not  be,  normally.  Thus,  without  the 
resistance  referred  to,  placed  at  Sc  it  would  likely  occur  that  an 
unevenness  of  the  signals  would  follow. 

STATIC    COMPi;NSATlN(i    CONDKXSKRS. 

(7  C  are  condensers  which  are  employed  in  duplex  telegraphy  to 
impart  to  the  '"artificial"  line  a  "static"  capacity  ecjual  to  that  of 
the  main  line. 

The  necessity  for  the  employment  of  condensers  in  this  respect  may 
be  explained  as  follows: 
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Conductors,  besides  possessing  "  resistance,"  also  possess  the  prop- 
erty of  electrostatic  capacity.  The  electrostatic  capacity  of  overhead 
telegraph  conductors  is  very  much  less  than  that  of  underground  or 
submarine  conductors,  about  as  1  to  23.  This  is  mainly  due  to  the 
proximity  of  the  latter  to  the  earth,  and  also  to  the  specific  inductive 
capacity  of  the  insulating  material  of  the  cable. 

The  effect  of  charging  a  conductor  which  has  a  measurable  electro- 
static capacity  is  that  at  the  moment  of  charge  a  greater  rush  of  cur- 
rent takes  place  into  the  wire  than  would  be  the  case  if  the  conductor 
were  devoid  of  this  quality.  When  the  battery  is  removed  and  a 
route  to  the  earth  provided,  the  accumulated  "charge"  rushes  out 
in  a  direction  opposite  to  that  of  the  charging  current. 

The  German-silver  wire  of  which  the  rheostats  emi:)loyed  as  the 
artificial  line  are  generally  composed  has,  normally,  no  appreciable 
"static"  capacity.  The  consequence  is  that  (unless  capacity  is  fur- 
nished to  the  rheostat)  at  the  moment  when  the  home  battery  is 
placed  to  the  main  and  artificial  lines,  and  also  when  the  battery  is 
cut  off,  a  greater  quantity  of  current  for  an  instant  flows  through 
the  line-wire  coil  of  the  relay  than  flows  through  the  artificial  line 
coil,  and  when  the  line  wire  is  of  sufficient  length  this  excess  of  cur- 
rent is  ample  to  cause  a  momentary  magnetization  of  the  core  of  the 
relay,  which  tends  to  attract  the  annature ;  or  it  'might  be  that  the 
excess  of  "charge"  and  "discharge"  currents,  due  to  the  static 
capacity  of  the  line,  would  tend  to  momentarily  demagnetize  the  core, 
and  thus  permit  it  to  be  withdrawn  from  its  contact  point. 

The  effect  of  these  momentary  currents  of  static  charge  and  dis- 
charge of  the  line  upon  the  home  relays  are,  on  long  lines,  of  such  an 
injurious  nature  as  to  entirely  prevent  the  successful  reception  of 
signals  in  duplex  telegraphy  when  both  stations  are  sinndtaneoush^ 
transmitting  signals,  and  were  it  not  possible  to  compensate  for  this 
effect,  not  only  duplex,  but  also  quadruplex  telegraphy,  and  especially 
the  latter,  would  be  impracticable.  It  is  especially  true  of  quadru- 
])lex  telegraphy  because  of  the  much  greater  electromotive  force  used 
in  that  sj^stem  than  in  duplex  telegraphy,  the  static  charge  and  dis- 
charge increasing  in  direct  proportion  with  the  electromotive  force  of 
the  terminal  batteries. 

The  instruments  used  to  impart  to  the  artificial  line  the  quality  of 
electrostatic  capacity  are  the  condensers  referred  to,  6',  C  (fig.  41). 
One  terminal  of  the  condenser  at  each  end  of  the  line  is  connected  to 
the  artificial  line  /?,  i?',  the  other  to  the  earth.  The  condenser  is  pro- 
vided with  an  adjusting  arrangement  by  means  of  which  its  capacity 
is  increased  or  decreased  until  it  is  found  to  furnish  current  which 
exactly  offsets  that  due  to  the  static  capacity  of  the  line.  AMien  such 
is  the  case  the  line  is  said  to  be  balanced  for  "static."  In  order  to 
bring  about  this  balance  more  accurately  it  is  sometimes  essential  to 
60240°  11 6 
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use  two  or  even  three  condensers,  arranged  in  multiple  and  with  a 
resistance  coil  inserted  before  each  of  them.  In  figure  41  such  resist- 
ance coils  re  and  re'  are  shown  placed  between  condensers  C  and  6" 
and  the  artificial  lines. 

Figure  42  shows  the  location  of  the  apparatus  in  a  station  and  the 
wiring  connections  necessary  to  its  installation.  The  galvanometer 
shown  is  for  the  purpose  of  indicating  when  a  perfect  balance  has 
been  obtained. 

The  effect  of  the  resistance  coil  is  to  retard  and  diminish  the  con- 
denser charge  and  discharge  to  conform  more  closely  to  the  actual 
conditions  of  the  main  line. 


^-:r-    DlFfERENTlAL    DUPLCX. 


Fir..   42. 

Lack  of  rheostat  or  resistance  balance  is  shown  on  galvanometer  or 
relay  by  steady  deflection  or  action  as  long  as  key  is  depressed. 
Whether  too  nmch  or  too  little  is  unplugged  in  rheostat  is  shown  by 
the  direction  of  galvanometer  deflection. 

Lack  of  static  balance  is  shown  by  a  "kick"  of  galvanometer  or 
relay  tongue  at  the  instant  key  is  opened  or  closed.  The  center  metal 
strip  on  rheostat  being  connected  by  plugs  to  the  resistance  buttons, 
balance  is  obtained  by  throwing  otf  more  or  less  of  the  microfarad 
divisions  on  the  condenser.  A  whole  division  is  thrown  off  by  dis- 
connecting the  wire  from  one  of  the  binding  posts  on  the  left.  Bal- 
ance is  completed  by  the  plugs  across  the  top  division.  The  connec- 
tions to  retarding  coils  are  shown  in  diagram  (fig.  42).     The  amount 
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unplugged  in  each  depends  on  the  resistance  of  the  cable.  In  a  cable, 
for  example,  where  the  resistance  is  about  2,000  ohms,  400  to  500  ohms 
out  of  each  box  ma}^  be  found  about  right — some  changes  may  have  to 
be  made  to  suit  local  conditions  of  cable.     The  spark  coil  is  supposed 


Fig.  43. 

to  compensate  for  internal  resistance  of  main  battery.  Gonda  cells 
or  other  good  open-circuit  batteries  are  best  suited  for  use  in  differ- 
ential duplex  sets. 

As  the  resistance  of  each  Gonda  cell  is  about  1  ohm,  stations  where, 
say,  70  Gonda  cells  are  used,  would  require  about  70  ohms  unplugged 
in  spark  coils. 


Fig.  44. 


THE    POLAR    1)1  PLEX. 

This  duplex  involves  in  its  operation,  among  other  principles,  this 
one,  that  when  a  current  of  electricity  flows  in  a  coil  of  wire  sur- 
rounding a  soft  iron  core  the  iron  not  only  becomes  magnetized,  but 
also  that  its  magnetic  polarity  depends  upon  the  direction  in  which 
the  current  flows  in  the  coil  around  the  core. 

For  instance,  if,  as  in  figure  44,  the  current  circulates  around  the 
core  from  left  to  right,  as  indicated  bv  the  arrows,  the  left  hand  end 


84 


ELECTRICAL   INSTRUMENTS  V.  S.    SIGNAL   CORPS. 


will  be  a  north  pole  and  the  right  end  a  south  pole.  If  from  right 
to  left,  as  in  figure  45.  the  right-hand  end  will  be  a  north  pole  and  the 
left  a  south  pole.  This  will  be  the  case  regardless  of  the  shape  of 
the  core. 


Fig.  4o. 


It  is  known  that  the  north  pole  of  one  will  attract  the  south  pole 
of  another  magnet,  and  vice  versa,  and  that  the  south  pole  will  repel 
a  south  pole  and  a  north  pole  a  north  pole.  In  figures  46  and  47  the 
north  pole  of  a  freely  suspended  permanent  magnet  .1  is  placed  between 


Fir..  4G. 


the  poles  of  an  electro  magnet  /?.  The  direction  of  the  current  around 
I?  in  figure  40  is,  as  indicated  by  the  arrows,  such  that  its  north  and 
south  poles  are  as  marked,  and  consequently  .4  is  attracted  to  the 
right.    In  figure  47  the  current  is  in  the  opposite  direction  around  ^, 


ELECTRICAL   INSTRUMENTS   U.    S.    SIGNAL  CORPS. 


85 


and  its  poles,  it  will  be  seen,  are  the  reverse  of  those  of  A',  figure  4(1. 
with  the  result  that  .1  is  attracted  to  the  left. 

Assuming  the  end  of  the  permanent  magnet  A  to  remain  of  north 
polarit3%  it  is  evident  that  if  the  direction  of  the  current  around 
the  coils  be  reversed  repeatedly,  .1  will  vibrate  from  pole  to  pole  in 
response  to  the  reversals.  In  such  a  case  the  permanent  magnet  may 
be  considered  the  armature  of  the  electro  magnet,  and  by  having  suit- 
able means  for  reversing  the  direction  of  the  current  in  a  circuit  of 
which  the  coils  in  figures  46  and  47  might  form  a  part,  it  would  then 
be  easy  to  cause  armature  A  to  operate  a  local  circuit  at  each  re- 
versal of  the  current. 

The  instruments  and  apparatus  presently  to  be  described  for  so 
reversing  the  direction  of  the  current  and  for  responding  to  such 


Line 


Fig.  48. 


reversals  constitute  the  more  imj^ortant  instruments  of  the  polar 
duplex. 

In  this  duplex,  in  overland  telegraphy,  the  "  differential  "  plan  is 
generally  adojjted,  to  avoid  interference  with  received  signals  b}^ 
the  operation  of  the  home  transmitter. 

Operation  of  yole  changer. — In  figures  48  and  49  apparatus  is 
shown  for  reversing  the  direction  of  the  current.  In  those  figures 
P  6^  is  a  pole-changing  transmitter,  commonly  termed  a  ""  pole 
changer,"  designed  to  transpose  the  position  of  the  poles  of  the  bat- 
tery as  regards  the  circuit  in  which  it  is  placed,  and  consequently  to 
reverse  the  direction  of  the  current  in  the  circuit. 

This  pole  changer  P  C  is  of  the  class  known  as  continuity  preserv- 
ing pole  changers,  designed  to  "  reverse  "  the  battery  with  the  least 
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l)os.sible  break  in  the  circuit.    In  figure  48  the  contact  points 
posely  separated  more  widely  than  is  customary  in  practice. 

P  C  consists  of  a  lever  L  carryin£r  the  armature  A  of  an  electro- 
magnet E:  the  latter  being  controlled  by  a  key,  /f,  and  local  bat- 
tery 1).  The  lever 
L  is  extended  as 
shown,  and  has  a 
platinum  contact 
point  P  at  the  end 
of  the  extension. 
Opposite  P  is  an- 
other contact  point 
P\  supported  by 
framework,  not 
shown  in  figures  48 
and  49  but  seen  in 
figure  55.  Metal 
strips,  J.  V  with 
platinum  contact 
points  are  also  sup- 
ported  on  the 
framework  and  piv- 
•  oted  as  indicated. 
J  is  given  a  down- 
ward tendency, 
fixed  rigidl}^  in  its 
place.  The  poles  of 
batter}'  B  are  con- 
nected respectively 
to  levers  I  and  V ,  as 
shown. 

In  figure  48  the 
pole  changer  is 
shown  closed.  In 
that  position  the 
contact  P  is  in  con- 
tact Avith  7,  while 
P'  is  in  contact  with 
/'.  This,  it  will  be 
seen,  places  the  neg- 
ative pole  of  bat- 
tery B  to  the  line, 
and  the  current  on  the  line  in  the  direction  indicated  b}^  the  arrow. 

AMien  the  key  K  is  opened,  the  extension  of  L  is  caused  to  descend. 
As  it  does  so  the  strip  I  folloAvs  P  until  it  is  dropped  by  the  contact 
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point  P' .  P  then  severs  connection  with  /  and,  descending  still 
farther,  makes  contact  with  l\  which  it  pushes  away  from  P\  the 
whole  assuming  the  position  shown  in  figure  49.  The  positive 
pole  of  the  battery  is  now  placed  to  the  line,  and,  consequently,  the 
direction  of  the  current  is  reversed  on  the  line,  also  as  indicated  by 
the  arrow. 

In  figure  49  a  relay,  P  B,  corresponding  to  P  in  figures  46  and  47, 
is  shown  as  at  a  distant  end  of  the  line.  Its  armature  controls  a 
sounder  jS.  It  is  plain  that  as  often  as  the  battery  is  reversed  by 
the  pole  changer  the  direction  of  the  current  in  the  coil  of  P  will  also 
be  reversed,  and,  consequently,  the  armature  .1  will  be  oscillated 
from  one  side  to  the  other.  Hence  by  proper  manipulation  of  the 
pole  changer  dots  and  dashes  will  be  received  at  the  distant  station. 

In  some  countries  this  method  of  transmitting  signals  is  used 
exclusively  on  single  wnres. 
It  is  knowm  as  the  '"'  double 
current  "  method.  The  dif- 
ference betw^een  this -and  the 
Morse,  or  single  current 
method,  is  that  in  the  double 
current  method  the  spaces  are 
made  in  reality  by  placing 
that  pole  of  the  battery  to  the 
line  which  will  cause  the 
withdrawal  of  the  armature 
oi  P  P  from  its  local  contact 
point,  Avhile  in  the  Morse 
method  the  space  is  made  by 
opening  the  circuit,  thus  cut- 
ting off  the  battery  from  the 
line. 

One   form  of  this   instru- 
ment, very  generally  used  in 
duplex   and   quadruplex   telegraphy,   is  shown   in   figure   50.     It   is 
known  as  the  AVestern  Union  polarized  relay. 

The  polarized  relay  is  a  combination  of  a  permanent  magnet  and  an 
electro-magnet.  The  electro-magnet  consists  of  short  cores  made  of 
the  best  Norway  soft  iron,  surrounded  (when  intended  for  differential 
duplex  working)  by  "  differentially  wound "  coils,  each  having  a 
resistance  of  about  400  ohms.  In  some  forms  of  polarized  relays  the 
core  of  the  electro-magnet  is  extended  beyond  the  edge  of  the  coil  so 
as  to  bring  the  poles  face  to  face.  These  extensions,  which  are  also 
of  soft  iron,  are  termed  pole  pieces, 

A  permanent  magnet,  P  M,  figure  50,  bent  to  the  shape  shown,  rests 
on  the  baseboard  of  the  instrument.  These  permanent  magnets  are 
formed  of  steel  and  are  very  retentive  of  magnetism.    On  the  lower 
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end  jS  P  of  the  permanent  magnet  the  crosspiece  of  tlie  electro-magnet 
rests.  The  crosspiece  of  the  electro-magnet  is  a  strip  of  soft  iron 
connecting  the  two  cores  of  the  electro-magnet  in  the  nsiial  wa}^  To 
the  npper  end  \  P  of  the  permanent  magnet  is  pivoted,  at  A',  a  soft 
iron  tube,  ^i,  Avhich  extends  between,  and  somewhat  beyond,  the  poles 
of  the  electro-magnet.  This  is  the  armature  of  the  jDolarized  rela}'. 
This  armature  is  constantly  magnetized  by  its  nearness  to  the  per- 
manent magnet  P  M.  Assuming  the  end  A  P  of  the  permanent 
magnet  to  be  its  north  pole  and  8  P  its  south  pole,  the  armature  A 
will  be  magnetized  so  that  its  end  between  the  poles  of  the  electro- 
magnet will  be  a  north  pole,  and  the  ends  of  the  cores  of  the  electro- 
magnet, which  are  also  magnetized  by  contact  with  the  pernument 
magnet,  will  be  south  poles;  that  is.  during  the  time  that  no  "mag- 
netizing"' current  is  flowing  through  its  coils.  The  term  magnetiz- 
ing current  is  used  here  advisedly,  because  of  the  fact  that,  in  a 
"  diiferential  "'  relay,  the  current  does  not  magnetize  the  core  until 
an  excess  of  current  flows  through  one  of  the  coils. 

When,  therefore,  there  is  no  magnetizing  current  in  the  coils  of 
E  M,  the  armature  ^1,  wdiich.  having  no  retractile  spring,  when 
placed  exactly  in  the  "  center ''  between  the  two  ends  of  H  J/,  will  be 
attracted  equally  by  both  ends,  since  a  south  pole  on  each  side  is 
"  pulling "'  Avith  equal  strength  at  a  north  pole. 

But,  if  the  arnuiture  be  placed  nearer  one  pole  face  of  E  M  than 
the  other,  it  will  be  held  toward  that  face  or  end.  Consequently, 
under  the  conditions  stated,  the  armature  will  stay  on  whichever  side 
it  is  last  placed.  AMien.  however,  a  magnetizing  current  passes 
through  the  coils  of  the  electro-magnet,  the  magnetism  in  its  core 
(due  to  the  permanent  magnet)  is  either  increased  or  overcome,  and 
its  ends  become  north  or  south  poles  according  to  the  direction  of 
the  magnetizing  current,  and  the  armature  .1  is  attracted  by  the 
south  pole  of  the  electro-magnet  and  repelled  by  the  north  pole. 

The  magnetism  of  the  electro-magnet  of  the  polarized  relay  changes 
in  response  to  the  reversal  of  the  distant  battery,  and  the  armature 
vibrates  to  and  fro  between  its  front  and  back  stops  in  accordance 
with  those  changes. 

It  is  obviously  essential  that  the  magnetism  of  tiie  i)ermanent  mag- 
net should  not  be  reversed  by  the  reversals  of  magnetism  of  the  elec- 
tro-magnet, otherwise  the  nuignetism  of  the  armature  .1  would  be 
reversed  also,  and  would  fail  in  that  case  to  respond  properly  to  the 
reversals  of  the  distant  battery.  Since  the  armature  does  respond 
properly,  it  is  evident  that  the  permanent  magnet  is  not  materially 
aifected  by  the  magnetic  reversals  of  the  electro-magnet.  There  may 
be  a  slight  tendency  to  so  change  on  the  ])ait.  as  it  were,  of  the  electro- 
magnetism  of  the  electro-magnet,  but.  owing  to  the  point  at  which 
the  permanent  magnet  is  connected  to  the  cores  or  crosspiece  of  the 
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electro-magnet — that  is.  at  its  "  neutral  "  point,  namely,  at  the  middle 
of  the  cores — any  such  effect  is  not  perceived  in  practice. 

The  play  of  armature  of  the  Western  Union  polarized  relay  is 
adjusted  by  means  of  the  small  screw  /S.  Its  position  between  the 
cores  of  the  electro-magnet  is  regulated  by  the  position  of  the  front 
and  back  contact  points  c,  c' .  These  contacts  ride  in  a  carriage 
which  is  movable,  within  certain  limits,  in  the  cylinder  /?. 

The  carriage  is  movable  back  and  forth  by  the  screw  II.  The 
armature  may  be  placed  directly  in  the  "  center "  between  the  two 
poles  of  the  electro-magnet  by  the  movement  of  the  screw  II.  The 
cores  of  the  relay  may  be  independently  moved  to  and  from  the  arma- 
ture by  the  screws  N  N' . 

A  form  of  polarized  relay,  a  modification  of  what  is  known  in 
Europe  as  the  Stroh  relay,  now  the  standard  of  the  Western  Union 
Company,  is  shown  in  side  view,  figure  51.  Its  chief  working  parts 
are  inclosed  in  a  brass  case  with  an  ebonite  top,  in  which  there  is  an 


opening  through  which  the  armature  lever  comes.  There  is  also  a 
small  opening  in  the  sides  of  the  brass  case  through  which  the  pole 
pieces  of  the  electro-magnets  can  be  observed  for  purposes  of  ad- 
justment. In  the  figure  this  opening  is  enlarged  in  order  to  show 
more  clearly  the  relative  positions  of  the  coils  E  E' .,  pole  pieces,  etc. 
In  this  relay  an  ordinary  horseshoe  magnet  is  employed  as  the  per- 
manent magnet.  It  lies  horizontally  under  the  base  B  of  the  relay 
as  outlined  in  figure  51,  which  is  a  side  view  of  the  relay.  The  relay 
has  two  electro-magnets  with  separate  cores.  In  this  form  the  elec- 
tro-magnets lie  horizontally,  lengthwise,  with  pole  pieces  facing,  and 
the  armatures  are  vertical,  lengthwise,  the  lower  ends  of  the  armatures 
being  loosely  inserted'  in  a  recess  in  short  iron  extensions  from  the 
respective  ends  of  the  permanent  magnet  by  which  the  armatures  are 
inductively  magnetized.  The  pole  pieces  extend  across  the  ends  of 
the  coils,  but  are  connected  to  the  cores  as  indicated.  The  pole  pieces 
and  coils  are  moved  to  and  from  the  armature  by  means  of  the  ad- 
justing screws  ^  S\ 
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The  local-eontaet  i)oint  and  back  stop  ('  C  are  movable  in  a  frame 
which  is  adjustable  bv  the  screw  //.  The  moving  parts  of  this  relay 
are  much  lighter  than  in  some  of  those  previously  in  use  by  this  com- 
pany, the  light,  nonmagnetic  metal  alumiinnn  being  used  wherever 

practicable.  As  intimated,  the  relay  has 
two  sepai'ate  armatures,  which,  however, 
are  carried  on  a  common  frame,  which  is 
outlined  in  figure  52.  This  frame  is  pi\- 
oted  at  /  /.  .1  .1  are  the  soft-iron  arma- 
tures. .1  1  is  the  armature  lever,  also  of 
aluminum. 

THEORY   OF    THE    POLAR    DUPLEX. 

The  theoretic  connections  of  a  polar 
duplex  at  tAvo  stations.  A'  and  F,  are 
shown  in  figure  58.  In  this.  P  C  and  P  C  are  the  pole  changers. 
P  R  and  P  R'  are  differentially  wound  polarized  relays.  B  and  B' 
are  main  batteries. 

R  R'  are  rheostats,  or  coils  of  insulated  wire,  adjusted  to  equal  the 
resistance  of  the  main-line  wires.  This,  it  has  been  explained,  is 
necessarv  in  order  that,  when  the  distant  end  is  "  grounded."  the  same 


amount  of  currenl  ^linll  How  through  each  coil  of  the  diliVrenlial  re- 
lays, which  will  be  the  case  when  the  resistance  of  the  rheostats  equals 
that  of  the  main  line. 

In  figure  53  the  pole  changers  at  both  ends  of  the  line  are  open. 
This  places  the  positive  jwle  of  batteries  B  and  B'  to  the  line.     As 
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tliese  batteries  are  supposed  to  have  an  e(inal  electro-motive  force,  no 
current  flows  over  the  main  line.  But  a  current  from  the  respective 
batteries  B  IV  flows  to  "  orouncl,"  via  the  artificial  lines,  in  a  direc- 
tion which  so  magnetizes  the  cores  of  /-*  R  and  P  W  that  their  arma- 
tui-es  are  withdrawal  from  their  local-contact  points,  thus  leaving  the 
sounders  open.  It  may  perhaps  l)e  useful  to  explain  these  statements. 
AA'lien  the  terminals  of  a  wire  are  at  similar  potentials  no  current  will 
floAv  in  that  wire.  In  the  case  in  point,  when  positive  poles  of  equal 
electio-motive  force  are  placed  to  the  main  line  at  each  station  it  is 
plain  that  the  terminals  of  that  wire  are  at  similar  potentials.  In 
the  case  of  the  artificial  wires,  on  the  other  hand,  the  distant  terminal 
of  each  is  at  zero,  under  which  conditions,  of  course,  a  current  will 
flow  in  these  wires. 

If.  now,  the  pole  changer  P  ("  at  }'  be  closed,  it  will  place  a  nega- 
ti\e  i^ole  to  the  line. 

That  action  should  reverse  the  magnetism  in  /'  //,  but  should  have 
no  effect  on  the  relay  P  W  at  Y .  That  such  is  the  case  we  shall  see. 
It  is  here  suggested  to  the  student  that  he  draw  diagrams  to  show 
these  changes,  inserting  arrows  to  indicate  the  changed  direction  of 
the  current. 

With  the  positive  pole  to  the  line  at  X  and  the  negative  to  the  line 
at  Y  there  will  be  twice  the  current  floAving  over  the  line  wire  that 
flows  through  the  artificial  lines.  Before  the  reversal  of  P  C  the 
current  was  flowing  only  through  the  artificial-line  coil  of  P  R^  shown 
by  the  arrow,  etc.  After  the  reversal  that  current  continues  to  flow, 
but  now  there  is  a  current  of  twice  its  strength  flowing  in  the  main- 
line coil  around  the  core  of  P  R  in  an  opposite  direction.  The  result 
is  that  the  magnetism  of  (he  core  of  P  R  is  reversed  and  the  armature 
.1  is  moved  over  against  its  local-contact  point,  closing  the  local  cir- 
<*uit.  So  far  the  result  desired  is  brought  about.  Xow,  let  us  see 
Avhether  the  polarized  relay,  P  R'  at  Y ^  has  been  affected  by  the  action 
which  has  reversed  the  polarity  oi  P  R  at  X. 

Before  the  reversal  oi  P  ('  -a  current  was  flowing  only  through  the 
artificial-line  coil  of  /"*  R'  in  the  direction  shown  by  the  arrow.  After 
the  reversal  of  battery  B'  twice  the  current  flows  through  the  main- 
line coil  that  flows  through  the  artificial-line  coil,  but  its  course 
through  the  main-line  coil  is  in  the  same  direction,  around  the  core 
of  P  R\  as  was  the  current  Avhich  previously  flowed  through  the 
artificial-wire  coil,  so  that  the  magnetic  polarity  of  P  R'  remains 
unaffected  and  its  sounder  continues  open. 

If  the  pole  changer  at  X  should  also  be  closed,  that  action  will  place 
a  negative  pole  of  battery  B  to  the  line.  The  result  will  be  that,  since 
the  pole  changer  at  Y  is  also  closed,  the  negative  pole  of  B'  is  to  the 
line,  consequently  no  current  will  flow  over  it.  But  now  the  current 
through  the  artificial-line  coil  is  in  an  opposite  direction  around  the 
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core  to  that  which  had  made  its  ina<);nctisiii  north  and  .s(jiith,  as 
marked  at  its  poles  in  the  figure,  and  hence  its  magnetism  is  changed 
and  the  sounder  is  closed.  It  will  also  be  found  on  examination  that 
this  reversal  of  the  battery  at  A'  has  not  affected  the  relay  at  A', 
although  the  magnetizing  current  has  been  transferred  from  the 
main-line  coil  to  the  artificial-line  coil. 

From  all  of  which  it  is  evident  that,  with  a  proper  "resistance'" 
and  "static"  balance,  the  home  relays  will  not  have  their  magnetism 
changed  by  reversals  of  the  home  batteries,  regardless  of  whether  the 
poles  of  the  batteries  at  the  respective  ends  of  the  wire  ()p})ose  or 
assist  each  other. 

liALANCINO   TITK   TOLAK   DUPLEX. 

The  polar  duplex  is  balancetl  by  asking  the  distant  station  to 
"ground."  This  he  does  Ity  throwing  the  8-point  switch  v.  figure  5o,  to 
the  left.  (Sometimes  the  left -hand  lower  "})oint."'  oi-  disk,  is  con- 
nected to  the  earth  via  -S  t\  sometimes  it  is  the  right-hand  lower  point 
that  is  so  connected.)  This  action  disconnects  the  pole  changer  and 
battery  from  the  line  and  transfers  the  latter  to  the  earth  \m  the 
resistance  coil  ^S'  C  or  *S'  (" .  These  resistance  coils  are  inserted,  as  in 
(he  Stearns  duplex,  to  compensate  for  the  internal  resistance  of  the 
battery  at  each  end.  "When  the  distant  switch  has  been  turned  the 
home  switch  is  also  turned  similarly.  The  adjusting  screw  of  the 
polarized  relay  is  turned  forward  or  backward  until  the  armature 
lemains  on  whichever  side  it  may  be  placed.  The  home  battery  is 
then  placed  to  the  line  by  turning  the  switch  s  to  the  left.  Then  the 
pole  changer  is  opened  and  closed  and  the  resistance  in  R  or  R'  is 
adjusted  until  the  armature  of  the  relay  remains  on  either  side,  as 
before.  This  insures  a  "  resistance  "  balance.  The  pole  changer  is 
now  closed  and  opened  raj)idly.  aiul  if  short  clicks  are  heard  the 
capacity  of  the  condenser  is  varied  until  these  disappear  altogether. 
This  shoAvs  that  a  ''static"  balance  has  been  obtained.  A  static  bal- 
ance can  also  be  got  by  asking  the  distant  station  to  "cut  in,"  which 
he  does  by  turning  the  switch  to  the  right.  When  he  has  done  so.  ask 
him  to  close  his  key,  so  that  the  armature  of  the  home  relay  will  rest 
against  its  contact  point.  The  armature  may  then  be  given  a  slight 
bias  away  from  its  contact  i)()int  and  the  home  jiole  changer  again 
oj)erated.  If  clicks  are  still  heard  in  the  sounder,  the  condenser  and 
its  resistance  coil  are  adjusted  until  they  disappear,  when  the  distant 
end  may  be  asked  to  write  a  few  words,  to  give  an  opportunity  to 
readjust  the  armature  to  its  proper  place.  As  a  rule,  however,  a  good 
Avorking  static  balance  can  be  obtained  on  a  polar  duplex  without 
giving  the  anuatiu'c  of  the  |)()Iarized  relay  a  bias. 

A  diagram  of  actual  coiniections  of  a  polar  duplex  "set"  at  one 
station  is  given  in  figure  54,  with  a  gravity,  or  other  chemical  battery, 
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as  the  source  of  electromotive  force.  The  dotted  lines  represent  the 
small  Avires  connecting  the  apparatus  to  the  binding  posts.  In  the 
figure  the  polarized  relay  is  shown  with  front  and  back  local  contact 
points  leading  to  screw  posts  6  and  7,  respectively.  The  polar  relay 
is  not  always  equipped  in  this  way.  binding  post  7  being  generally 
omitted. 

But  the  former  arrangement  is  often  useful,  as  it  affords  an  easy 
means  of  putting  the  sounder  on  the  ''  front  stroke  "  when  the  distant 
battery  connections  are  reversed,  which  frequently  happens  in  prac- 
tice.    C  R  is  the  condenser  resistance.     .1  S  is  a  3-point  switch  used 


/h/e  C^a/ry^i 


-i  Polarized  Relay 
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in  "grounding"*  the  line.  >S'  C  is  a  "spark  coil"  or  resistance  box 
adjusted  to  equal  the  internal  resistance  of  the  main  battery.  The 
other  instruments  are  as  marked. 


WESTERN    UNION    POLE    CIIANGEU. 


The  AVestern  Union  standard  pole  changer  for  gravity  batteries  is 
shown  in  figure  55.  The  contact  points  of  the  instrument  are  in- 
closed in  a  circular  glass-incased  box.  The  end  of  the  lever  L  is  seen 
extending  into  the  box  through  an  aperture  in  the  back  of  the  frame- 
work. The  tension  sj^rings  S  S'  are  insulated  from  the  box.  The 
contacts  C  6"  are  attached  to  the  framework.    The  poles  of  the  bat- 
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tery  are  generally  connected  to  the  springs  >S  S'  by  way  of  their  re- 
spective binding  posts  on  the  side  of  tlie  baseboard.  The  lever  is 
connected  to  the  earth,  and  the  contact  points  0  C"  to  the  line,  or 
vice  versa,  as  desired:  also  via  the  binding  posts. 

The  Adjtstment  of  TELECiKAini   Ai'para tts." 

If  operators  in  general  could  be  made  to  realize  how  nuich  more 
comfort  the}'  might  taken  in  their  daily  work  did  they  but  acquire 
even  a  slight  knowledge  of  the  knack  of  adjusting  their  instruments 
properly,  they  would  certainly  make  a  move  in  that  direction  for 

their  own  interest  if  not 
for  that  of  the  company 
employing  them. 

There  is  positively  no 
excuse  for  the  indistinct 
manner  in  which  signals 
are  so  frequently  re- 
corded on  the  really 
first  -  class  instruments 
cmploj^ed  by  telegraph 
companies  to-day. 
When  the  signals  do  not 
arrive  in  proper  shape 
there  is  some  good  rea- 
son for  it.  but  the  theory 
of  the  fault  given  by 
the  average  operator  i< 
,.„.  -.-  usually     wide     of     the 

mark,  and  as  he  "  ad- 
justs "  in  accordance  with  his  ideas  of  the  troulile.  he  generally  makes 
matters  worse  by  such  efforts. 

P\ir  the  purpose  of  demonstration  let  us  ^ee  what  may  be  learned  in 
tlie  way  of  adjustment  and  care  of  an  ordinary  single-line  relay  and 
sounder.  Xow.  Ave  will  assume  that  the  wire.  I)atterv.  and  instru- 
ment coils  are  in  first-class  ordei'  and  then  introduce  a  few  conditions 
for  the  i)urpose  of  noting  the  ditferent  efi'ects  i)ro(luced  on  the  a})- 
paratus. 

WET- WEATHER    EFFECTS. 

In  wet  weather  the  (juantity  of  current  which  traverses  the  coils  of 
a  relay  is  greatly  increased  at  or  near  the  battery  station  over  and 
above  that  which  normally  flows  in  clear  weather,  whih^  distant- 
station  instruments  receive  less  than  the  usual  amount.     This  condi- 
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tion  is  caused  by  tlie  numerous  *'  escapes  ''  or  side  paths  down  the  poles 
along  the  route  which  draw  additional  current  fi-om  the  dynamo, 
all  of  which  must  necessarily  pass  through  the  relays  inserted  betw^een 
them  and  the  battery.  Distant  relays  receive  less  than  they  are 
entitled  to,  because  much  of  the  current  on  the  wire  '"escapes"  down 
the  wet  poles  before  reaching  them.  Now,  a  strong  current  in  the 
coils  means  a  strong  magnetic  pull  on  the  relay  armature,  while  a 
weak  current,  of  course,  causes  a  correspondingly  weak  attraction. 

It  follows  from  this  that  the  wet-weather  method  of  adjusting  a 
distant  rela}'  is  directly  opposite  to  that  foUoAved  for  the  home  relay 
at  the  battery  end  of  the  circuit.  The  operators  at  distant  points 
must  get  the  magnets  closer  and  closer  to  the  armature  as  the  down- 
fall of  rain  increases,  while  the  home  operator  is  compelled  to  draw 
his  relay  coils  away  from  it.  This  seems  like  a  very  simple  opera- 
tion to  perform,  but  the  manner  in  which  most  operators  go  about 
it  explains  wdiy  they  fail  to  secure  the  best  results. 

Now,  the  first  principle  of  adjustment  lies  in  nuiintaining  at  all 
times,  whether  the  current  is  weak  or  strong,  a  practically  constant 
or  normal  tension  of  the  retractile  spring  attached  to  the  relay  arma- 
ture. The  explanation  is  that  a  relay  spring  responds  best  to  the 
magnetic  attraction  of  the  armature  when  the  tension  is  such  that 
the  "■  curling ""  is  not  stretched  to  any  great  extent  out  of  its  original 
close-fitting  construction  when  new. 

The  adjustment  should  invariably  be  done  by  moving  the  magnet 
backward  or  forward  by  means  of  the  thumbscrew.  The  tension 
of  the  retractile  spring  need  not  be  altered  perceptibly  except  to 
give  the  operation  a  finishing  touch.  The  habit  of  stretching  the 
relay  spring  to  meet  a  strong  magnetic  pull  not  only  causes  the 
former  to  work  less  efficiently  at  the  time,  but  soon  injures  it  per- 
manently by  destroying  its  sensitiveness. 

fk?:ltx(;  for  a  distant  station. 

It  frequently  happens  in  very  wet  weather  that  a  distant  office  can 
not  break  the  operator  at  or  near  the  battery  station  on  account  of 
the  difficulty  the  latter  has  in  getting  a  fine  adjustment.  When 
informed  via  some  other  circuit  that  such  is  the  case  the  best  method 
to  pursue  is  as  follows:  Make  a  few  dots  to  attract  his  attention  (he 
will  hear  you ;  the  distant  office  has  the  advantage  in  this  respect) 
and  then  tell  him  to  "  dot."  Now  pull  the  magnets  back  from  the 
relay  armature  until  the  circuit  stands  apparently  just  open.  Next, 
turn  down  the  retractile  spring  very  slowly  until  you  hear  the  sig- 
nals. If  you  miss  them,  you  may  sometimes  catch  them  by  placing 
your  finger  on  the  lever  of  the  relay  and  giving  it  a  gentle  pressure 
back  and  forth.  If  the  operator  is  dotting,  you  will  feel  the  impulses 
and  thus  be  able  to  readjust  the  instrument. 
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The  latter  method  is  an  excellent  one  to  pursue  on  a  way  wire 
when  in  doubt  as  to  whether  anyone  is  usinof  the  circuit,  for  by  this 
precaution  one  operator  need  never  break  in  while  another  is  sending. 
However,  as  it  is  only  in  very  wet  weather  that  an  operator  is  both- 
ered to  any  great  extent  by  the  relay,  the  real  source  of  daily  dis- 
comfiture usually  lies  in  an  improper  adjustment  of  the  sounder. 

ADJUSTMENT  OF  SOUNDERS. 

When  a  sounder  does  not  give  out  a  loud  enough  tone  to  suit  an 
operator,  he  almost  invariably  proceeds  to  give  the  lever  a  wider  play, 
as  if  that  was  the  only  remedy.  As  a  matter  of  fact  that  process  in 
itself  seldom  brings  about  the  desired  results  unless  the  lever  at  the 
time  happens  to  be  screwed  doAvn  abnormally  close.  The  important 
thing  to  know  is  that  if  you  give  the  lever  a  play  which  Avill  permit 
the  armature  to  move  away  from  the  magnet  cores  beyond  a  normal 
distance,  the  magnet  has  a  hard  time  getting  control  of  it  again.  The 
explanation  is  that  a  magnet  loses  its  power  to  attract  the  armature  in 
a  degree  directly  proportional  to  the  square  of  the  distance  separating 
them ;  or.  in  other  words,  to  the  square  of  the  air  gap.  For  example, 
if  two  magnets  similarly  constructed  in  all  respetts  be  fed  by  an  equal 
strength  of  current,  and  the  air  gap  between  the  cores  and  the  arma- 
ture of  one  made  the  thickness  of  a  cardboard,  while  two  cards  could 
occupy  the  gap  in  the  second  magnet,  the  former  would  be  practically 
foui-  times  as  strong  as  the  latter.  It  is  plain,  therefore,  that  to  give 
the  sounder  lever  too  great  a  play  wnll  so  weaken  the  pull  on  the  arma- 
ture when  in  its  "  open  "  position  that  when  the  local  circuit  is  again 
closed  the  lever  moves  so  slowly  at  first  that  it  hardly  has  time  to 
cross  over  the  space  before  tlie  current  is  again  broken.  The  result  is 
that  a  signal  is  partially  broken  up  before  completion. 

The  lesson  to  be  learned  from  this  is  that  the  play  given  to  an 
armature  lever  must  never  be  so  great  that  the  magnet  can  not  bring 
it  back  promptly  witliiu  the  tiuie  allotted  to  complete  a  signal.  This, 
in  turn,  suggests  that  the  amount  of  play  given  should  be  decreased 
in  i)r()porti()n  to  the  speed  with  which  the  signals  are  increased.  The 
proper  method  to  increase  the  volume  of  sound  is  as  follows: 

ADJUSTINO    von     AIAXniCM    STRENGTH. 

Place  a  sheet  of  paper  between  the  armature  and  the  poles  of  the 
sounder  magnet  and  then  lower  the  former  until  there  is  just  space 
enough  to  move  the  paper  back  and  forth  without  catching.  This 
permits  the  magnet  to  exert  its  maximum  strength  on  the  lever,  and 
the  position  should  seldom  be  altered.  AVhatever  changes  are  neces- 
sary during  the  pi'ocess  of  adjusting  should  be  etfected  by  means  of 
the  spring,  the  upper  thumbscrew,  and  those  which  regulate  the  trun- 
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nion.  The  adjustment  of  the  tniimioii  screws  is  a  matter  too  gen- 
erally overlooked.  It  is  there  that  the  j^itch  or  quality  of  the  sound 
is  regulated.  The  pivot  must  not  bind  too  tightly,  nor  jet  be  too 
loose. 

When  signals  do  not  reach  the  operator  in  the  particular  style  that 
suits  his  fanc}^,  he  usually  attempts  to  remedy  the  fault  by  giving  the 
sounder  lever  a  greater  or  a  lesser  play.  If  the  trouble  happens  to 
lie  in  an  improper  adjustment  of  that  part  of  the  apparatus  he  may 
possibly  succeed  in  helping  matters,  but  the  fact  is  that  indistinct 
signals  may  be  due  to  a  great  variety  of  causes,  any  one  of  which,  in 
his  ignorance,  he  may  never  suspect. 

For  the  purpose  of  illustration,  let  us  again  take  the  case  of  an 
ordinary  single-line  relay  and  sounder  and  assume  that  despite  a  care- 
ful adjustment  of  the  relay  and  sounder  magnets  after  the  manner 
suggested  in  the  preceding  installment  of  this  article  the  signals 
continue  to  ''  drop  out '"  at  times. 

Now,  the  first  thing  to  determine  is  whether  the  fault  lies  in  the 
relay  or  the  sounder.  Such  disturbances  are  usually  due  to  a  loose 
or  improper  connection  somewhere  in  the  local  circuit,  but  not  always. 
Naturally  the  first  move  made  toward  locating  the  trouble  should  be 
to  examine  all  binding  posts,  and  operators  in  general  would  save 
themselves  many  annoyances  if  they  would  acquire  the  habit  of  doing 
this  whenever  they  sit  down  to  a  different  set  of  instruments.  If  the 
binding-post  connections  prove  to  be  secure,  open  the  key  and  "  dot  " 
or  "  write  '^  with  your  finger  on  the  relay  armature  or  lever,  using  the 
latter  as  a  key.  If  the  signals  then  respond  firmly  and  distinct,  the 
local  circuit  is  not  to  blame,  and  attention  should  be  directed  to  the 
relay. 

In  many  cases  the  source  of  the  trouble  will  turn  out  to  be  too  tight 
an  adjustment  of  the  trunnion  binding  posts,  thus  preventing  the 
restrained  armature  from  responding  readily  to  the  influence  of  the 
magnet.  This  fault  is  particularly  applicable  to  circuits  in  which 
the  strength  of  the  current  flowing  through  the  relay  coils  is  weak. 
Where  the  main-line  current  is  strong,  the  magnet  is  frequently  able 
to  overcome  this  drawback,  but  it  is  evident  that  even  then  the  work- 
ing margin  of  that  instrument  has  been  cut  down  to  the  extent  that 
the  trunnion  binds.  It  follows,  then,  that  the  trunnion  binding  posts 
should  always  be  so  adjusted  that  the  cross  bar  or  axis  upon  which  the 
lever  and  armature  rests  may  moAe  perfectly  free  in  its  sockets. 

If,  however,  the  signals  made  in  the  manner  suggested  continue  to 
drop  out  despite  this  precaution,  the  fault  will  possibly  be  found  in  a 
loose  connection  somewhere  in  the  local  circuit.  If  tightening  the 
binding  posts  fails  to  remove  the  trouble,  examine  the  fine  wire  wound 
around  the  shaft  of  the  relay  lever,  one  end  of  which  is  attached  to 
the  shaft  and  the  other  to  a  part  of  that  trunnion  binding  post  where 
G0240°— 11 7 
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tlio  local  battery  makes  its  exit.  It"  this  wire  becomes  broken,  the 
sounder  signals  will  certainly  "  drop  out  *'  at  times  owing  to  the  loose 
conection  made  between  the  shaft  and  the  post  as  the  former  turns 
in  the  socket.  The  purpose  of  the  fine  wire  is  to  bridge  over  this 
unavoidable  break  in  the  local  circuit,  and  the  operator  will  at  once 
see  the  necessity  of  keeping  that  connection  intact. 

When  a  sounder  stands  "  open "'  and  it  is  desired  to  ascertain  if  the 
break  in  the  local  circuit  lies  in  some  of  the  relay  connections,  place 
the  blade  of  a  knife  across  both  local  binding  posts  (situated  just 
behind  the  relay  spring).  If  the  opening  is  in  that  instrument,  the 
sounder  will  then  close.  If  the  latter  remains  open,  try  the  same 
method  with  the  two  posts  of  the  sounder  itself.  If  the  coil  or  wire 
connections  there  are  broken,  a  spark  will  be  noticed  the  moment  the 
blade  makes  and  breaks  contact  with  the  two  posts.  The  sounder, 
however,  will  not  close,  because  the  magnet  coils  are  cut  out. 

The  knife-blade  method,  however,  should  never  be  resorted  to 
where  sounders  are  connected  up  in  multiple,  such  as  is  usually  the 
case  in  our  large  modernly  equipped  oflices,  because  the  cutting  out  of 
the  coil  draws  so  much  current  through  the  low-resistance  route  via 
the  blade  that  it  melts  the  fuse  and  opens  the  other  four  or  five  com- 
panion sounders  comprised  in  that  particular  group.  Operators  see 
this  fact  demonstrated  nearly  every  day  in  large  telegraph  offices 
when  some  one  thoughtlessly  or  ignorantly  permits  a  steel  i^enholder 
(;r  other  piece  of  metal  to  simultaneously  make  contact  with  both 
binding  posts  of  the  sounder  or  resonator  connections.  When  this 
occurs,  the  '"locals"  go  off  on  several  adjacent  desks  and  business  is 
suspended  until  a  new  fuse  is  substituted.  The  Ibade  ma}'  be  placed 
across  the  local  posts  of  the  relay,  however,  because  it  will  not  cut 
out  the  coils  of  the  magnet,  hence  the  resistance  is  not  loAvered.  It 
may  also  be  done  where  the  sounder  coils  are  in  series  with  a  loop  or 
laiiij)  resistance,  such  as  the  arrangement  obtaining  on  duplex  and 
(|uadruplex  circuits. 

It  will  be  seen  from  what  has  already  been  said  that  the  adjust- 
ment and  understanding  of  even  an  ordinary  relaj'  and  soundei 
requires  considerable  skill  and  a  fair  degree  of  electrical  knowledge, 
3^et  an  operator  who  does  not  possess  ambition  enough  to  interest 
himself  to  the  extent  of  understanding  (he  instrument  before  him 
certainly  deserves  much  of  the  needless  provocations  which  come  his 
way. 

Up  to  this  point  the  suggestions  concerning  various  methods  of 
adjusting  telegraph  apparatus  have  been  confined  to  the  receiving 
instruments.  The  sending  jipparatus,  however,  demands  quite  as 
much  attention  and  skill  on  the  part  of  the  operator  as  the  receiving 
instruments  do. 
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Operators,  as  a  rule,  hardly  realize  the  fact  that  with  but  a  very 
little  study  on  their  part  it  lies  within  their  power  to  not  only  make 
iheir  own  work  much  easier,  but  that  also  of  the  man  at  the  distant 
ind  of  the  circuit. 

One  of  the  most  common  mistakes  the  operator  makes  is  to  find 
fault  with  the  key  frequently  because  of  his  inability  to  send  fast  or 
to  make  the  Morse  alphabet  easily.  It  may  surprise  many  readers  to 
learn  that  as  a  matter  of  fact  the  key  is  seldom  to  blame.  It  is  really 
a  matter  of  wdiat  is  called  the  electrical  and  the  mechanical  inertia  of 
the  instruments  that  cause  the  trouble. 

For  example:  In  a  telegraph  wire,  where  there  are  a  great  many 
offices  close  together,  such  as  we  find  on  some  railroad  circuits,  there 
are  necessarily  many  relays,  the  highly  wound  coils  of  which  compose 
the  greater  part  of  the  total  resistance.  AVliere  such  a  condition  exists 
the  counter  electromotive  force  developed  within  and  by  the  coils  is  so 
great  that  it  checks  the  quick  action  of  the  current  in  its  operation  of 
building  up  the  magnetism  in  the  iron  cores  of  the  relays,  and  thus 
demands  a  slower  rate  of  speed  on  the  part  of  the  sending  operator  in 
order  to  fully  form  his  characters.  Unless  he  complies  with  this  law 
the  second  impulse  in  the  formation  of  a  character  will  be  begun 
before  the  preceding  one  has  been  fully  "built  up,"  with  the  result 
that  the  key  will  "  stick,''  as  he  erroneously  believes,  and  the  key  gets 
the  blame. 

With  sounders,  as  usually  arranged,  the  case  is  different,  but  the 
effect  is  just  the  same.  If  you  give  the  lever  of  a  sounder  an  abnor- 
mally great  degree  of  play,  and  then  make  "  dots  "  exceedingly  rapid, 
the  lever  will  probably  remain  in  an  '*  open "  position  during  the 
experiment.  Decrease  the  speed  somewhat  and  it  wnll  respond  indif- 
ferently. If,  however,  you  open  and  close  the  key  very  slowdy,  the 
lever  will  follow  the  movement  faithfully.  Finally,  if  you  adjust  the 
lever  armature  close  to  the  magnet  and  give  it  but  very  little  play, 
every  "  dot "  will  be  heard,  no  matter  how  fast  you  make  them. 

The  lesson  to  be  learned  from  these  experiments  is  that  where  speed 
is  required  the  lever  must  be  given  as  little  play  as  practicable  in  order 
to  reduce  the  mechanical  inertia  to  a  minimum.  Where  an  operator 
ignores  this  rule,  in  order  to  get  a  greater  volume  of  sound  to  receive 
by,  he  will  experience  the  same  difficulty  in  forming  the  alphabet  as 
his  friend  with  the  choked  relay  did.  and  probably  vie  with  him  in 
condemning  the  greatly  abused  key. 

The  application  of  these  lessons  is  directed  principally  to  those  in 
charge  of  duplex  and  quadruplex  apparatus,  and  cautionary  to  opera- 
tors in  branch  offices  working  sounders  on  legs  or  loop  extensions. 
On  account  of  the  tongue  and  the  retractile  spring  on  transmitters, 
and  tlie  accuracy  with  which  pole  changers  must  be  manipulated,  those 
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iiistriinients  dciuaiul  very  careful  adjuslnieiit  to  the  speed  of  the  trans- 
mitting- operator.  Sounders,  on  the  otiier  hand,  once  properly  ad- 
justed, respond  so  clearly  (on  the*  transmitting  side)  that  operators 
in  branch  offices  working  on  duplex  loops  find  that  the  sending  side 
works.  ai)])arently.  as  well  on  a  poor  wire  as  a  good  one.  The  result 
is  that  in  had  weather  the  fact  is  frequently  overlooked  that  the  i)ole 
changer  or  transmitter,  as  the  case  may  be.  can  not  perform  their 
functions  properly  at  a  dry-weather  speed,  and  thus  by  nuiintaining 
their  usual  speed  cause  no  end  of  trouble  both  to  themselves  and  the 
quadrujDlex  chief  at  the  main  office. 


Chapter  IV. — Buzzers. 


THEORY  OF  THE   BUZZER. 


The  principle  upon  ^vhich  the  fiehl  buzzer  operates  depends  upon 
the  effects  of  self-induction ;  i.  e.,  the  comparatively  high  self-induced 
voltage  developed  at  the  terminals  of  an  electromagnet  (coil  with 
iron  core)  when  the  current  through  the  circuit  is  suddenly  inter- 
rupted. The  interruptions  are  automatically  produced  by  a  circuit 
breaker,  which  is  described  later. 

"When  a  current  of  electricity  begins  to  flow  through  a  conductor, 
magnetic  whirls  spring  outward  from  the  conductor  and  surround  it 
with  a  magnetic  field  of  force,  which  is  evidenced  by  the  deflection 
of  a  freely  suspended  needle,  parallel  to  the  conductor,  Avhen  ap- 
proached by  the  conductor.  During  the  interval  of  time  required 
for  the  current  to  reach  its  maximum  value,  the  field  of  force  expands 
in  direct  proportion  to  the  current  strength  until  it  also  reaches  maxi- 
mum value.  The  current  strength  being  kept  constant,  the  magnetic 
field  is  of  constant  value.  Any  variation  in  current  strength  pro- 
duces a  corresponding  variation  in  the  strength  of  the  magnetic  field ; 
therefore,  when  the  circuit  is  broken  and  the  current  rapidly  falls 
to  zero  the  field  of  force  also  collapses  and  disappears.  The  energy 
furnished  by  the  current  and  stored  up  in  the  magnetic  field  is  thus 
returned  to  the  circuit  and  tends  to  sustain  the  original  current,  as  is 
noticed  by  a  bright  spark  apjiearing  at  point  of  break. 

On  "  make,"'  then,  the  wdiirls  spring  out  from  and  cut  the  wire,  in- 
ducing therein  a  current  opposed  in  direction  to  inducing  current. 
On  "  break  "'  the  whirls  collapse,  again  cutting  the  wire  and  induc- 
ing therein  a  current  having  same  direction  as  inducing  current. 
The  phenomena  resulting  from  the  cutting  of  a  wire  by  magnetic 
lines  of  force  is  called  self-induction. 

When  the  circuit  contains  a  coil,  the  above-noted  effects  of  self- 
induction  are  much  greater.  If  the  coil  contains  an  iron  core  the 
effects  of  self-induction  are  still  more  pronounced. 

To  make  clear  the  action  of  the  buzzer  let  us  consider  the  following 
diagi'am  (fig.  5G)  : 

5  is  a  battery  of  5  dry  cells;  K  is  a  key  for  making  and  breaking 
the  circuit ;  E  an  electromagnet ;  R  a  telephone  receiver. 
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When  the  key  is  closed  there  is  a  rush  of  current  which  reaches  its 
maximum  strength  ahuost  instantly.  Simultaneously  there  is  built 
up  a  magnetic  field  of  force  around  the  electromagnet.  Xo^A•.  if  the 
key  be  opened,  a  pronounced  click,  of  momentary  duration,  is  heard 
in  the  receiver,  which  is  caused  by  a  self-induced  current  of  high 
E  M  F  produced  by  the  coihiijse  of  the  magnetic  field  iirouiul  the 
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coil.     This  induced  current  would  spark  across  break  at  the  key  if 
there  were  not  an  alternate  complete  circuit  through  the  receiver. 

The  more  rapidly  the  circuit  is  made  and  broken  by  closing  and 
opening  the  key,  the  greater  the  rapidity  with  which  clicks  in  tele- 
phone follow  one  another,  until,  if  the  interruptions  recur  sufficiently 
often,  the  sounds  in  the  receiver  appear  to  be  almost  continuous. 
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If  we  introduce  an  automatic  interrupter  into  the  circuit  (fig.  57"), 
a  loud  buzzing  sound  is  heard  in  the  receiver  whenever  the  key  is 
closed,  and  the  dot  and  dash  of  the  Morse  alphabet  are  thereby  pro- 
duced by  making  short  and  long  contacts  with  key. 

The  action  of  the  interrupter  or  circuit  breaker  is  as  follows: 
"\^Tien  the  circuit  is  made  by  closing  the  key  A',  the  current  flows 
through  coils  of  the  electromagnet  F,  magnetizing  the  iron  core  J/, 
w'hich,  in  turn,  attracts  armature  A.  As  soon  as  the  armature  is 
withdrawn  from  contact  S  the  circuit  is  broken:  as  a  result,  the  core 
becomes  demagnetized  and  armature  .1  springs  back  against  N,  thus 
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again  closing;  the  circuit.  This  action  continues  so  long  as  ke}^  A' 
is  kept  closed. 

If,  instead  of  key  and  interrupter,  we  substitute  therefor  a  trans- 
mitter (fig.  58).  then  when  the  key  is  closed  current  flows  from  -|- 
side  of  the  battery  through  the  coil  to  the  lower  disk  (stationary)  of 
transmitter,  through  loosely  packed  carbon  granules  to  upper  disk 
(movable)  which  is  attached  to  the  diaphragm,  to  —  side  of  battery. 

Except  when  this  circuit  is  first  made,  there  is  no  evidence  of  self- 
induction  in  the  circuit  until  the  transmitter  is  spoken  into,  then  the 
sound  waves  of  the  voice,  striking  the  diaphragm,  cause  it  to  vibrate; 
the  carbon  granules  between  the  carbon  disks  are  thus  subjected  to 
varying  pressure;  this  causes  a  variable  resistance  in  the  circuit,  and 
the  resulting  current  is  a  pulsating  one  (uniform  in  direction,  but 
A'^arying  in  strength).  The  effect  of  the  varying  current  passing 
through  the  circuit  is  to  increase  and  decrease  the  field  of  force  built 
up  around  the  wire.     This  changing  field  of  force  in  turn  produces 
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the  effects  of  self-induction,  and  these  effects  are  pai-tk-idarly  notice- 
able in  coil  E. 

The  inductive  property  of  the  coil  is  thus  employed  to  augment 
the  comparatively  weak  primary  current  to  one  of  high  E  M  F,  which 
intensifies  the  vibration  of  the  receiver  diaphragm;  these  vibrations 
being  received  by  the  ear  as  articulate  speech. 

The  sounds  thus  produced  are  not  as  loud  as  those  j^roduced  by  the 
interrupter  even  though  the  same  number  of  cells  are  used,  for  the 
reason  that  in  the  latter  case  the  current  is  completely  interrupted 
(circuit  broken),  whereas  in  the  case  of  the  talking  circuit,  current  is 
always  flowing,  but  is  varied  in  strength;  therefore  the  resulting  field 
of  force  never  reduces  to  zero,  the  cutting  of  the  wire  is  consequently 
less,  and  the  effects  of  self-induction  are  diminished. 

If  we  now  combine  the  two  circuits  described  above  in  one  dia- 
gram, we  have  the  simplified  buzzer  diagram  which  is  shown  below. 
(Fig.  59.) 

An  examination  of  this  figure  shows  that  the  only  changes  made  is 
the  introduction  of  two  terminal  binding  posts,  one  of  which  is  con- 
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iiected  to  the  line,  llie  other  to  the  iji-onnd.  If  a  similar  instrument 
is  connected  at  the  distant  station,  tiie  currents  traversing-  home 
receiver  also  pass  through  distant  receiver. 
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Fig.  59. 


Fig.  go. — Field  biizzor. 
FIELD    lU'ZZER    ^lOOKI,     1!)()8. 


This  instrument  is  shown  in  accomj)anyinir  photographs.      (Figs. 
60  and  Gl.)      The  leather  case  containing  the  instrument  is  8j  by  G  by 
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6^  inches;  wei<>;ht,  J)  pounds.  This  case  is  divided  into  tAvo  compart- 
ments by  a  vertical  partition.  One  part  contains  5  cells  of  dry  bat- 
tery, a  condenser  having  a  capacity  of  0.05  microfarad,  and  a  resist- 
ance coil  of  25  ohms.  The  other  part  holds  a  head  receiver  and  a 
transmitter.  A  hard-rubber  plate  covers  the  last-named  compart- 
ment, and  this  plate  supports  a  simple  make-and-break  key,  a  circuit 
breaker,  a  buzzer  coil,  together  with  the  line  and  ground  binding- 
posts. 


Fk;.    til. — Field    liuz/.ci-. 


riMMARY    riRCFIT,    BUZZER. 


From  -j-  side  of  battery  to  A',  through  lever  of  key  when  closed,  to 
screw  Z>,  which  passes  through  and  is  insulated  from  base  E  to  spring- 
es', which  is  kept  in  contact  wdth  armature  A  by  insulated  tip  adjust- 
ing screw  N^  along  armature  ^i  to  iron  cylinder  F^  Avhich  is  in  metallic 
contact  wnth  A^  through  coil  B  to  screw  77,  which  passes  through  and 
is  insulated  from  iron  cylinder  F,  to  —  side  of  battery. 

AMien  the  above  circuit  is  made  by  closing  key  the  action  that  takes 
place  is  that  described  under  "  Theory  of  the  Buzzer.'' 

It  has  been  shown  that  when  an  electrical  circuit,  composed  in  part 
of  a  coil  as  show^n  at  /?,  is  made  and  broken  in  rapid  succession  the 
effect  of  the  self-induction  produces  on  break  a  self-induced  current 
of  high  E  M  F.  which  tends  to  sustain  the  original  current  by  passing 
across  the  break  {A  S)  ;  and  further,  that  unless  some  alternate  cir- 
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euit  is  furnished  a  bright  spark  Avould  be  noticed  between  these  points. 
With  terminals  L  G  disconnected  this  induced  current  charges  con- 
denser C .  The  condenser  immediately  discharges  back  through  bat- 
teiy,  //,  B^  F,  I  (condenser  circuit  bridging  break).  From  this  it  i^ 
seen  that  the  function  of  the  condenser  is  to  prevent  sparking  at 
break.  The  condenser  is  in  series  with  coil  /,  the  effect  of  which  is  to 
prevent  abnormal  charging  of  condenser.  AVith  terminals  L  G  con- 
nected to  line  and  ground,  respectively,  assuming  another  instrument 
properly  connected  at  distant  station,  the  self-induced  discharge  from 
coil  B  has,  in  addition  to  the  path  through  condenser,  another  circuit 
called  the  secondary  circuit. 


x_,  c^ 


-r-       I        ,^— O  ^^ 


KlG.   O-J. 


SIXONUARY    CIRCUIT,    BUZZEK. 

From  />  to  //.  /.  line  to  distant  station  return  through  ground  to  (?, 
receiver,  (>.  thi-ouah  cylinder  F  to  /\  to  />. 


TRANSMITTER    CIKCUIT.    TELKPIIONK. 


The  transmitter  switch  IF  being  closed,  tlie  circuit  is  as  follows: 
From  -|-  side  to  third  cell  to  transmittci-  O.  through  cylinder  F 
to  1\  B.  TL  L.  to  —  side  of  battery. 


SECONDAUY    flRCUlT.    TELEPIIONK. 

The  secondary  of  talking  circuit  is  the  same  as  the  secondary  of 
buzzer  circuit. 

The  utilization  of  existing  telegraph  lines  as  a  part  or  the  whole 
of  a  circuit  for  buzzer  and  telephone  working,  at  the  same  time  not 
interfering  with   the  use  of  the  wire   for  Morse   working,  may  be 
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effected  by  using  condensers  interposed  between  the  line  and  the 
buzzer.     (See  fig.  63.) 

The  jDiilsations  of  the  ordinary  Morse  sending  are  comparatively 
slow.  The  condensers,  therefore,  act  as  a  very  large  resistance,  and 
no  appreciable  effect  will  be  noticed  in  the  telegraph  line. 

The  very  rapid  pulsations  produced  by  the  buzzer  or  transmitter, 
however,  will  ]:)ermit  of  transmission  from  one  buzzer  to  the  other 
with  little  diminution  of  sound. 


Telegraph  Line 


Condenser 


n 


Buzzer 


Ccndenso' 


0 

Buzier 


Fig.  63. 


CAVALRY    BUZZER. 

This  instrument  is  contained  in  a  fiber  box  2!^  by  5-5~  by  7  inches. 
The  box  is  divided  into  three  compartments  as  shown  in  the  photo- 
graphs beloAv.     (Figs.  64  and  65.) 

The  whole  is  contained  in  a  leather  case  which  just  fits  the  box. 
The  transmitter  and  receiver,  with  connecting  cords  terminating  in 
an  ebonite  plug  fitted  with  three  terminals,  are  contained  in  cylindrical 
leather  case  attached  by  a  strap  to  the  instrument  case.  The  Aveight 
of  the  instrument  complete  is  5^  pounds. 

The  ebonite  plug  with  metal  terminals  fits  into  a  recess  in  the  side 
of  the  case  as  shown  in  photograph. 

The  buzzer  is  used  as  a  call  when  it  is  desired  to  use  the  insti-ument 
as  a  telephone  set. 

For  use  on  field  lines  with  ground  return,  connect  line  to  binding 
post  D  L  and  the  ground  connection  to  E  (fig.  66). 

For  use  on  grounded  telegraph  lines,  connect  line  to  binding  post 
('  Z.,  ground  to  E. 

The  circuits  may  be  classified  as  follows: 

Primai'y  circuit Telpgraph. 

Secondary  circuit Telegraph. 

Transmitter  circuit Telephone. 

Secouda ry  circu i t Telephone. 
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When  the  instrument  is  not  in  use  the  primary  circuit  must  be  open 
to  prevent  pohirization  of  the  battery.  The  diagram  shows  this  cir- 
cuit open.  By  pressing  "button"  contact  is  made  at  B^  and  B-  and 
broken  at  B^  and  B*  and  the  primary  circuit  telegraph  is  closed. 


I'RIMABY    CIRCUIT    JSUZZER. 


From  +  side  of  battery  to  P,  F,  h\  Z>,  coils  of  interrupter.  />-.  //', 
to  —  side  of  battery. 


SECONDARY    CIRCUIT    lUZZER. 


From  S  to  A',  earth,  distant  station,  line  D  L  B\  B\  //.  to  >S ;  or 
from  S  to  /i\  earth,  distant  station,  line  C  Z,  T,  //"  B,  II,  to  S. 

Button 


"When  keys  ,P  and  A-  are  depressed  by  button  which  protrudes 
through  top  of  instrument  case,  the  local  or  primary  telegraph  circuit 
is  made  as  described  above.  Current  from  battery  magnetizes  iron 
core  of  electromagnetic  interrupter,  attracting  spring  armature  IK 
breaking  ])iiinary  circuit  at  K.  As  soon  as  [)rimary  circuit  is  thus 
broken  (the  button  still  being  depressed)  the  core  of  electromagnet 
becomes  demagnetized  and  spring  armature  gains  contact  with  A', 
again  closing  the  circuit.  This  action,  rajiid  making  and  breaking 
of  primary  circuit,  causes  a  buzzing  sound  due  to  vibration  of  arma- 
ture. The  armature  D  being  in  series  with  the  primary  /*  of  induc- 
tion coil,  the  iron  core  of  latter  is  also  ra})idly  magnetized  and  de- 
magnetized, due  to  vibration  of  armature,  and  a  current  is  induced  in 
the  secondary  S  of  induction  coil,  which  reproduces  in  the  distant 
receiver  the  buzzing  noise.  (Kefer  again  to  secondary  circuit- 
telegraph.) 
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It  will  be  noted  that  the  buzzing  sound  is  not  heard  in  the  receiver 
of  sendino-  instrument  when  both  keys  A^  and  .i"  are  depressed  by 
button,  but  if  key  A-  only  should  be  pressed  down,  the  buzzing  should 
also  be  heard  in  the  receiver  of  sending  instrument.  In  this  manner 
the  receiver  and  its  circuit  can  be  tested  before  placing  instrument  in 
line. 

In  order  to  prevent  sparking  at  point  of  break  in  interrupter,  a 
small  condenser  ('-  is  bridged  across  the  primary  circuit  telegraph, 
one  terminal  of  condenser  on  each  side  of  point  of  break. 

TRANSMITTER    CIRCUIT TKLEPHONE. 

Depress  switch  K  in  transmitter,  thus  closing  transmitter  circuit, 
which  is  as  follows: 

From  -|-  side  of  battery  of  F,  F,  transmitter  B*.  A-.  to  —  side  of 
battery. 

SECONDARY    CIRCUIT TELEPHONE. 

Varying  the  current  in  transmitter  circuit  by  talking  into  trans- 
mitter (see  remarks  under  "  P'ield-buzzer  transmitter  circuit  ")  in- 
duces current  in  secondary  of  induction  coil  which  flows  through 
circuit  described  under  secondary  circuit — telegraph. 

When  button  is  pressed,  A^  is  brought  in  contact  with  B^,  before 
A^  gains  contact  with  B-.     The  reason  for  this  is  as  follows: 

When  it  is  desired  to  leg  this  buzzer  on  a  grounded  telegraph  line 
without  interfering  with  telegraphic  messages,  connect  line  wire  to 
binding  post  C  L.  If  button  is  now  pressed,  the  condenser  is  placed 
between  the  buzzer  and  telegraph  line.  By  this  arrangement  there 
is  no  chance  for  telegraph  line  to  ground  through  buzzer,  the  direct 
current  operating  telegraj)h  line  meeting  in  the  condenser  a  resistance 
of  infinite  value,  as  previously  explained. 


Chapter  V. — Telephones. 

THEORY   OF    THE    TELEPHONE. 

In  the  act  of  speaking  the  A^ocal  cords  cause  air  vibrations,  which, 
fallingf  upon  the  drum  of  tlie  ear,  are  recognized  by  the  auditors- 
nerves  as  speech.  If.  instead  of  falling  on  the  eardrum,  these  vibra- 
tions should  fall  upon  a  diaphragm  which  is  capable  of  changing 
them  into  electrical  vibrations,  and  there  is  some  means  of  trans- 
mitting them  along  a  line  and  again  reproducing  at  the  other  end 
into  similar  air  vibrations,  we  have  the  telephone.  In  order  to  under- 
stand the  action  of  the  telephone  it  is  necessary  to  define  lines  of 
force  and  explain  two  simple  laws  of  magnetic  induction.  Lines  of 
force  are  imaginary  lines  which  surround  a  magnet  and  indicate  by 
their  position  and  number  the  direction  and  strength  of  its  action. 
The  laws  of  magnetic  induction  referred  to  are:  First,  if  a  number 
of  lines  of  force  thread  or  pass  through  a  coil  of  wire  and  this  num- 
ber is  increased  or  diminished,  a  momentary  current  will  flow  in  the 
coil ;  second,  if  a  coil  of  wire  be  wound  arovmd  a  permanent  steel 
magnet  and  a  current  of  electricity  be  sent  through  the  windings,  it 
will,  if  in  a  certain  direction,  increase  the  strength  of  the  permanent 
magnet,  and  if  in  the  opposite  direction  will  diminish  its  strength. 

To  undei'siand  how  a  telephone  works,  let  us  take  the  simplest  case 
of  two  telephone  receivers,  A  and  /?,  connected  to  the  line^  as  shown 
in  figure  67. 

The  telephone  receiver  (a  moi'e  detailed  description  of  which  Avill 
be  given  later)  consists  of  a  soft-iron  diaphragm  placed  close  to  a 
permanent  magnet.  Around  the  diaphragm  end  of  this  magnet  is 
wound  a  coil  of  fine  insulated  co])])er  wire.  The  air  vibrations,  caused 
by  the  act  of  speaking,  uj^on  striking  the  iron  diaphragm  at  ^i 
cause  it  to  vibrate.  The  vibrations  of  this  diaphragm  produce  changes 
in  the  number  of  lines  of  force  Avhich  thread  through  the  windings 
of  the  coil.  These  changes,  according  lo  the  first  law,  produce  a 
current  in  thi'  winding  which  will  be  of  greater  or  less  strength  and 
in  ()pj)osite  directions,  following  the  vibrations  of  the  diaphragm. 
This  varying  current  ])roceeds  along  the  line,  and  when  it  arrives  at 
B  will  increase  and  diminish  the  strength  of  B''s  magnet.  The  varia- 
tion of  the  strength  of  B^s  magnet  will  j)roduce  a  varying  pull  on 
/j",v  diaphragm  and  cause  it  to  vibrate  in  a  manner  similar  to  the 
112 
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diaphragm  of  A.  The  vibration  of  the  diaphragm  at  B  is  recognized 
as  sound  coming  from  .i.  The  simple  circuit  shown  in  figure  67 
would  permit  a  person  to  talk  or  hear,  as  the  case  may  be.  The  first 
modification  of  this  circuit  (fig.  08)  is  to  introduce  two  telephone 
receivers  at  the  point  A  and  two  at  the  point  B,  all  being  in  series, 
one  serving  as  the  transmitting  and  the  other  as  the  receiving  instru- 
ment at  each  point. 


Fig.  67. 

For  certain  reasons  this  type  of  receiver  just  described  does  not 
make  a  good  transmitter,  and  in  practice  is  replaced  by  a  battery 
transmitter. 

A  complete  local  battery  telephone  instrument  consists  of  a  receiver, 
local  battery  transmitter,  induction  coil,  magneto  generator,  call  bell, 
and  certain  switching  devices  which  are  contained  in  the  magneto- 
generator  box. 


Fig.  68. 


A   complete   common   battery    instrument   consists   of   a   receiver, 
transmitter,  induction  coil,  condenser,  call  bell,  and  switch  hook. 


LOCAL  BATTERY  TRANSMISSION. 


The  battery  transmitter  depends  for  its  action  on  the  fact  that  a 
varying  pressure  changes  the  resistance  of  carbon.  The  transmitter 
consists  of  a  number  of  carbon  particles  or  granules  in  a  proper 
receptacle  with  a  means  of  varying  the  pressure  upon  the  granules 
in  circuit  with  a  battery  and  the  coarse-wire  winding  of  an  induction 
coil.  The  induction  coil  consists  of  a  bundle  of  soft  iron  wires,  sur- 
60240°— 11 S 
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i-oiiiultHl  by  two  windings  of  insiilaU'd  copper  wire,  one  being  of 
coarse  wire,  with  few  turns  and  Ioav  resistance,  called  the  "primary,"' 
and  the  other  of  fine  wire,  with  a  large  number  of  turns  and  higher 
resistance,  called  the  "secondary."  The  relative  position  of  these 
various  parts  of  a  local  battery  instrument  is  indicated  in  figure  69.  in 
which  T  is  the  transmitter  that  contains  the  carbon  granules  through 
which  the  current  from  battery  B  flows.  T  also  contains  a  diaphragm 
which  presses  on  the  carbon  granules,  or  is  so  connected  with  them 
as  to  vary  the  pressure  between  the  particles  as  the  sound  waves  fall 
on  it.  P  is  the  coarse  and  S  the  fine  Avire  winding  of  the  induction 
coil,  which  is  connected  to  the  receiver  R  and  the  line.  The  local 
battery  circuit  includes  B.  P,  IL  and  T.  As  the  air  vibrations  fall  on 
the  diaphragm  at  T  they  produce  a  change  in  the  resistance  between 
the  carbon  particles  in  contact  with  it.      This  change  of  resistance 


l-i<;.   GO. 


causes  the  current  flowing  in  llie  coarse-wire  coil  to  fiuciuaie.  thereby 
inducing  a  fluctuating  current  in  the  fine-wire  coil,  which  goes  to  the 
line  and  receiver  and  reproduces  speech,  as  has  been  explained  before. 


COMMON    BATTERY    TRANSMISSION. 

The  common  l)attery  telephone  operates  like  the  local  battery  in 
its  essential  details.  The  principal  point  of  dift'erence  lies  in  the 
fact  that  in  common  battery  operation  the  current  Avhich  flows 
through  the  transmitter  is  furnished  by  battery  installed  at  the 
central  exchange  in  place  of  local  battery  installed  in  the  instrument, 
as  in  the  case  of  the  local  battery  telephone.  In  the  common  battery 
telephone  battery  is  supplied  over  the  same  wires  that  are  used  for 
transmitting  speech.  Figure  TO  shows  the  essential  parts  of  the 
common  battery  instrument.     The  induction  coil   for  this  type  of 
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instrument  is  usually  provided  with  primary  and  secondary  windings 
having  more  nearly  the  same  number  of  turns  and  resistance  than  is 
found  in  the  local  battery  instrument.  The  receiver  and  transmitter 
are  practically  identical  with  similar  parts  of  the  local  battery  tele- 
phone. The  operation  of  a  typical  set  is  as  follows  (referring  to 
fig.  TO)  :  ' 

Direct  current  from  the  positive  side  of  the  battery  at  the  central 
exchange  enters  the  instrument  over  the  line  Z-.  passes  through  the 
hook  H^  primary  winding  P  of  the  induction  coil,  transmitter  7",  and 
leaves  the  instrument  by  the  line  U.  If  \\oy<!  the  transmitter  T  is 
spoken  into,  the  diaphragm,  vibrating,  produces  a  change  in  the 
resistance  between  the  carbon  particles  placed  near  it.  This  varying 
resistance  causes  a  corresponding  variation  in  the  current  flowing, 
which  is  received  at  the  distant  station  as  speech.  This  varying 
current  in  the  winding  P  acting  upon  the  winding  /S',  which  is  placed 
upon  the  same  core,  induces  a  current  in  the  receiver  circuit  composed 
of  the  receiver  E  and  the  winding  xS'.  In  the  case  of  receiving  from 
a  distant  station  the  voice  current  may  be  considered  to  follow  the 
same  course  as  that  taken  by  the  batteiy  current.  This  current,  how- 
ever, is  variable,  and  in  passing  through  the  w^inding  P  of  the  induc- 
tion coil  induces  a  current  in  the  receiver  circuit. 

In  the  nonnal  condition  of  the  instrument  when  not  in  use  the 
receiver  R  draws  down  the  hook  U^  opening  the  contact,  thus  jire- 
venting  the  flow  of  battery  when  the  instrument  is  not  in  use.  In 
this  position  of  the  hook  the  bells  B  may  be  actuated  by  an  alter- 
nating current  from  the  central  exchange  wdiich  passes  through  the 
bells  B  and  the  condenser  C  in  series.  The  condenser  C  operates  to 
prevent  the  flow  of  the  battery  current  through  the  bells,  but  does 
not  prevent  the  passage  of  the  alternating  current. 

Owing  to  the  fact  that  the  connnon  battery  instrument  depends  for 
its  operation  on  direct  current  in  the  line,  the  range  of  such  operation 
is  necessarily  limited  by  the  resistance  of  the  line  circuit.  AVhen  the 
resistance  of  the  line  becomes  so  high  as  to  cut  down  the  current  ma- 
terially the  efficiency  of  the  circuit  is  correspondingly  decreased,  so 
that  when  a  common  battery  telephone  is  intended  to  operate  over  a 
considerable  distance  repeating  coils  are  installed  to  overcome  this 
difficulty. 

MAGNETO. 

The  magneto  generator  is  largely  used  for  producing  the  calling 
current.  It  is  the  simplest  form  of  electric  dynamo  and  consists  of 
an  arnuiture  w^ound  with  many  turns  of  fine  wire  so  mounted  as  to 
enable  it  to  be  rapidly  revolved  between  the  poles  of  a  permanent 
horseshoe  magnet.  Its  theory  depends  upon  the  principle  that  if  the 
number  of  lines  of  force  passing  through  a  closed  coil  be  varied  a 
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Fio.  70. — Common  battery  tf>lephone  circuit. 
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difference  of  potential  will  be  developed  between  the  terminals  of  this 
coil,  and  if  an  external  circuit  be  connected  electric  currents  will  flow, 
the  direction  of  which  will  depend  upon  the  relative  direction  of  the 
lines  of  force  and  the  movement  of  the  coil.  In  ti<2;ure  71  is  shown  a 
simple  loop  of  wire  a,  which  may  be  revolved  about  a  horizontal  axis 
in  the  field  of  force  produced  b}-  a  permanent  magnet.  The  horizon- 
tal arrows  show  the  direction  of  the  lines  of  force  set  up  by  the  mag- 
net which  pass  through  the  loop.  If  now  the  loop  be  revolved  in  the 
direction  of  the  curved  arrow,  new  lines  of  force  will  pass  through  it 
in  the  horizontal  position  as  it  approaches  the  position  shown  by 
the  full  line,  and  it  will  include  an  increasing  number  of  these  lines. 
The  current  induced  in  the  coil  will  then  be  in  the  direction  indi- 
cated by  the  arrows  X  and  will  so  continue  until  the  loop  is  in  the 
vertical  position.  In  the  vertical  position  the  lines  of  force  are 
parallel  to  the  movement  of  the  coil,  and  the  current  and  voltage  are, 
therefore,  zero.  From  this  position  the 
number  of  lines  passing  through  the  loop 
begins  to  decrease,  and  the  current,  there- 
fore, takes  the  o])posite  direction  as  indi- 
cated by  the  arrow  Z.  The  current  in- 
creases in  strength  in  this  new  direction 
until  the  coil  is  again  in  the  horizontal 
position.  At  this  point  the  rate  at  which 
the  number  of  lines  through  the  coil  is 
changing  is  greatest,  and  the  current  is, 
therefore,  maximum.  As  the  coil  passes 
through  the  horizontal  position  the  number 
of  lines  ])assing  through  begins  to  increase 
again.  This  does  not  cause  a  change  in  the 
direction  of  the  current,  because  the  direc- 
tion of  the  lines  of  force  through  the  coil  also  changes  at  the  same 
time.  The  same  cycle  takes  place  during  the  next  half  turn,  when 
the  coil  is  again  in  its  original  ])osition.  It  will  thus  be  seen  that  the 
current  generated  is  alternating,  changing  its  direction  twice  during 
each  revoluliou.  and  if  an  external  circuit  be  connected  to  the  ter- 
minals of  the  coil  an  alternating  current  will  be  set  up  therein. 

The  magneto  aeuerators  used  by  the  Signal  Corps  are  provided 
with  an  automatic  device  Avhich  either  short-circuits  the  arnuiture  or 
opens  the  arnuiture  circuit  when  the  armature  is  at  rest,  the  former 
l)eing  furnished  for  use  in  series  telephones  to  remove  the  armature 
resistance  from  the  circuit  by  providing  an  alternate  path  of  practi- 
cally no  resistance.  When  the  magneto  is  used  in  bridging  circuits 
this  device  opens  the  armature  circuit  when  the  generator  is  not  in  use. 


Fk;.     71. — Principle     of     the 
magneto  generator. 
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At  the  UMial  rate  oi  turnin«^-  the  uiagiieto  generator  by  hand  the 
voltage  will  be  about  Co  to  7o  and  the  frequency  about  l."i  complete 
<'ycles.  or  double  alternations,  j^cr  second. 

In  figure  72,  .1  sIioays  the  generator  armature  on  ^vhirh  are  wound 
the  many  turns  of  fine  wire  which  are  revolved  in  the  magnetic  field 
referred  to  above.  It  Avill  be  noted  that  this  arnuiture  is  made  of  a 
hirge  number  of  thin  stamped  metal  pieces  which  are  assembled  on 


Fig.  71.'. — Magneto  gononitor. 

the  armature  shaft  as  shown.  In  part  />  of  the  above  figure  the  gen- 
erator armature,  wound,  has  been  placed  within  the  generator  frame. 
A  device  for  opening  the  generator  circuit  is  shown  in  the  figure 
mounted  in  place  on  the  end  of  the  generator  frame.  On  the  other 
end  a  gear  Avheel  and  crank  for  revolving  the  armature  are  shown. 
C  shows  a  com])]ete  generator  of  the  H-bar  ty})e  with  the  horseshoe 
magnet  in  phice. 
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Generators  used  by  the  Sitjnal  Corps  are  provided  with  o.  4.  or  5 
bars,  depending  upon  the  chiss  of  service  in  which  they  are  to  be 
used. 

RECEIVER. 

A  receiver  of  the  type  now  used  ahiiost  exchisively  in  the  Signal 
Corps  is  shown  in  tigure  73.  It  consists  of  a  U-shaped  permanent 
magnet  m.  to  the  ends  of  Avhich  are  fastened  soft-iron  pole  pieces 
p  p.  Over  each  pole  piece  is  a  coil  of  fine  wire  wound  on  a  bobbin 
with  nonmagnetic  metal  heads.  These  coils  are  connected  in  series  in 
such  a  manner  as  to  make  the  front  end  of  one  the  north  pole  and 
the  similar  end  of  the  other  the  south  pole  wdien  current  flows  through 
both  coils  in  a  certain  direction.  The  combined  resistance  of  these 
coils  connected  in  series  is  about  80  ohms.  The  pole  pieces  pass 
through  the  bottom  of  a  metal  cup  6',  Avhich  is  thus  secured  firmly  in 


Fi( 


-Hand  receivt'i'. 


place.  The  diaphragm  ^7,  of  soft  iron,  tinned  or  enameled,  rests 
on  the  rim  of  this  cup.  A  clamping  ring  /  screws  onto  the  metal 
cup  C^  thus  holding  the  diaphragm  d  firmly  in  place.  The  receiver 
cords  are  connected  to  terminals  t.  a  strain  cord  being  attached  to 
the  loop  of  the  magnet  to  provide  against  injury  to  the  cord  con- 
ductors. As  thus  assembled  the  receiver  is  operative  and  may  be  so 
used  in  case  of  accident  to  the  containing  shell  and  cap.  This  shell 
aS*  slips  over  the  working  parts  of  the  receiver  and  is  held  in  place  by 
the  ear  piece  (/.  which  screws  onto  the  shell.  The  separation  of  the 
diaphragm  from  the  pole  piece  varies  with  the  dirterent  tyi:)es  of 
receivers,  the  usual  separation  being  about  0.01-1  inch. 

The  operation  of  the  receiver  is  as  follows:  _ 

The  pole  pieces  p  j>,  being  attached  to  the  ends  of  the  permanent 

magnet  m,  have  one  a  north  and  the  other  a  south  polarity  and  the 

magnetic  circuit  is  completed  from  one  pole  to  the  other  through  the 

soft  iron  diaphragm  d.  which  is,  therefore,  drawn  toward  the  poles  and 
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held  in  constjint  tension.  Tf  now  a  current  flows  llirouii'h  the  coils  in 
such  a  direction  that  the  lines  of  force  due  to  it  coincide  with  those  of 
the  permanent  magnet,  the  diaphragm  will  be  pulled  closer  to  the  pole 
])ieces,  due  to  the  increased  strength  of  the  magnetic  field.  If  the 
current  flows  in  the  opposite  direction,  the  strength  of  the  magnetic 
field,  due  to  the  permanent  magnet,  will  be  reduced  and  the  dia- 
phragm will  spring  farther  from  the  poles.  It  will  thus  be  seen  that 
whether  the  lines  of  force  due  to  the  current  in  the  coils  assist  or 
oppose  those  due  to  the  permanent  magnet,  a  varying  pull  is  pro- 
duced on  the  diaphragm  that  causes  vibrations  in  the  latter  in  unison 
with  the  changes  in  current.  The  movement  of  the  diaphragm  will 
thus  set  up  vibrations  in  the  surrounding  air  Avhich  may  be  perceived 
as  sound. 

TRANSMITTER. 


The  operation  of  the  transmitter  depends  on  the  fact  that  the  elec- 
trical resistance  between  two  or  more  bodies,  either  in  light  or  loose 

contact,  varies  with 
changes  in  the  pres- 
sure b  e  t  w  e  e  n  the 
bodies.  The  change 
in  resistance  is  due  to 
variation  in  the  area 
of  contact  surface  be- 
tween the  granules 
and  electrodes  and 
not  to  compression  of 
the  carbon  granules 
themselves.  In  gen- 
eral, the  transmitters 
used  by  the  Signal 
Corps  depend  on  this 
principle.  A  typical 
transmitter  is  shown 
in  figure  74.  A  metal 
cup,  .1,  forms  the 
front  electrode  and  i--  attached  to  I  he  diaphragm  for  sending.  The 
rear  electrode  is  lield  rigidly  in  a  metal  bridge  i)iece.  /%  which  is  iu 
turn  fastened  to  the  frame  which  supj)orts  the  mouthj)iece  G,  and  the 
remainder  of  (he  (raiisuiitter.  This  rear  ("lectrode  consists  of  a  hard 
polished  carbon  button.  J/,  secured  to  a  brass  button  between  two 
parts  of  which  is  clam]-)ed  a  mica  ring  or  diajihragm.  O,  the  outer 
edge  of  Avhich  is  claiii])e(l  again-t  the  front  ele<'trode.  .1.  by  means  of 
a  metal  ring.  <^,  Avhich  screws  over  .1.  The  s]^ace  between  the  front 
and  rear  electrodes  is  partly   filled   with   hartl   granular  carbon   of 


Vu;.  74. — T('l('i)Ii()iu'  liansniitter. 
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uniform  size.  Two  dampenino;  springs,  B  and  (\  are  provided  to 
prevent  vibration  of  the  diaphragm  at  its  natural  j^erioch 

The  operation  of  the  transmitter  is  as  follows: 

Current  from  a  battery  passes  from  one  terminal,  /i",  to  the  carbon 
electrode  through  the  granular  carbon  to  the  metal  cup  which  forms 
the  other  electrode.  If  the  transmitter  now  be  spoken  into,  the  dia- 
phragm and  cup  vibrate  in  unison  with  the  sound  waves  produced 
in  the  air,  thus  causing  the  pressure  betweeri  the  front  and  rear  elec- 
trodes on  the  granular  carbon  to  vary  and  thus  change  the  resistance 
of  the  transmitter.  Therefore,  variations  in  the  current  are  set  up 
which  correspond  exactly  Avith  the  voice  vibrations  which  reach  the 
transmitter  diaphragm. 

RINGER. 

The  magneto  generator  is  commonly  used  in  connection  with  a 
polarized  bell  or  ringer,  as  it  is  usually  called,  by  means  of  which 
audible  signals  indicate  the  incoming  calls  on  the  telephone  instru- 
ments. The  usual  form  of  this  piece  of  apparatus  is  shown  in  figure 
75.     In  this  figure  c  c  represents  soft  iron  cores  upon  which   are 

wound  coils  of  fine  wire  

connected  in  series  with 
the  line  wires  /  V .  N  >S' 
is  a  permanent  magnet, 
and  A  a  soft -iron  arma- 
ture i^ivoted  at  its  center. 
A  slender  rod  terminat- 
ing in  a  small  metal  ball 
is  attached  to  the  center 
of  the  armature.  AVhen 
no  current  is  flowing- 
through  the  coil,  the  per- 
manent magnet  N  8 
causes  the  upper  ends  of 
the  cores  to  be  south  poles 
and  the  opposite  ends  to 
be  north  poles.  In  this 
condition  the  armature 
will  be  attracted  by  both 
cores  and  will  rest  against  one  or  the  other  as  may  chance  to  happen. 
If  now  current  passes  through  the  coils  in  series  in  such  direction  as  to 
increase  the  strength  of  the  north  pole  /,  and  to  make  e-  south  pole  or 
weaker  north  pole,  then  /  will  attract  the  end  of  the  armature  opposite 
it,  while  e  will  repel  this  end  of  the  armature  or  attract  it  with  smaller 
force.  If  the  current  is  now  reversed  in  direction  so  that  /  becomes 
a  south  pole  or  a  weaker  north  pole  and  e  a  stronger  north  pole,  the 


Fig.  75. — Telephone  ringer. 
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action  will  be  reversed,  e  Avill  attruct  its  end  of  the  armature  and 
/  repel  its  end  or  attract  it  with  smaller  force.  With  the  rini>er  con- 
nected to  the  magneto  jjenerator  as  shown  in  this  figure  the  armature 
will  vibrate  between  the  two  gongs  with  the  same  frequency  as  the 
current  produced  by  the  hand  generator,  and  a  practically  continuous 
ringing  sound  will  result.  Practically  all  of  the  ringers  used  by  the 
Signal  Corps  are  wound  to  a  resistance  of  1,000  ohms.. 

A  complete  ringer  of  the  type  largely  used  in  Signal  Corps  instru- 
ments is  shown  in  figure  75. 

TYPES   OF    INSTRI  :MENTS. 

The  principles  upon  which  depends  the  operation  of  the  various 
parts  of  the  telephones  have  been  explained  in  the  preceding  pages. 
The  complete  circuits  of  the  instruments  of  the  various  types  used  by 
the  Signal  Corps  will  now  be  considered,  and  it  will  be  assumed  that 
the  operation  of  the  various  parts  as  explained  above  is  nnderstood, 
and  Avill  not  be  discussed  further.  The  instruments  herein  described 
have  been  selected  as  being  typical  of  those  now  in  use  by  the  Signal 
Corps.  It  is  not  possible  to  describe  all  of  the  types  of  each  class  of 
instruments  in  the  space  available.  It  is  thought,  however,  that 
familiarity  with  the  ones  shown  will  enable  such  other  types  as  may 
be  met  with  in  practice  to  be  easily  nnderstood.  Frequent  reference 
will  be  made  hereafter  to  the  standard  bridging  circuit  for  local 
batter}^  telephones.  Such  a  circuit  is  shown  in  figure  TO.  The  various 
circuits  in  this  figure  may  be  traced  as  follows : 

1.  Incoming  signals  from  Z'  to  ringer  B  through  closed  contact  at 
C  to  hook  switch  and  out  over  line  Z.  The  hook  switch  is  shown  in 
its  normal  position  when  the  hand  receiver  is  in  place.  This  is  the 
position  for  receiving  incoming  signals  or  for  calling  other  stations. 

2.  The  ringing  circuit,  starting  from  one  pole  of  the  generator  G^ 
passes  to  the  line  Z'  through  the  distant  ringer,  back  to  the  line  Z.  to 
the  hook  switch  //,  returning  to  the  opposite  pole  of  the  generator. 

3.  Assuming  now  that  the  receiver  has  been  removed  from  the 
hook  switch  //,  the  npper  contact  will  be  closed  and  the  lower  opened, 
thus  removing  the  ringer  and  generator  from  the  circuit. 

The  local  battery  circuit  is  now  closed  from  the  battery  to  the 
transmitter.  ])i-imai'v  of  induction  coil,  hook  switch  //.  and  return  to 
battery. 

4.  The  receiving  circuit  passes  from  line  Z'  through  receiver  R, 
seconctary  /S'  of  induction  coil,  hook  switch  //.  to  line  Z. 

In  the  circuit  shown  the  ringer  and  generator  are  removed  from 
the  circuit  during  receiving  oi-  transmitting.  It  is  considered  equally 
good  ])ractice,  however,  to  connect  these  permanently  in  ]:)arallel  be- 
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tween  the  lines  U  and  Z,  the  paths  of  the  electrical  currents  not  being 
altered  by  these  connections.  This  second  arrangement  is  shown  in 
B  of  the  same  figure. 

m       OL 


Fig.  76. — Circuits  of  a  Signal  Corps  bridging  type  teleplione. 
FIELD  TELEPHONE,    IMODEL    1010. 

The  field  telephone,  model  1910,  does  not  differ  materially  from 
the  1904  and  1905  types  previously  issued.     The  circuits  are  those  of 
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the  standard  local  battery  bridging  telephone,  the  hook  switch  Wing 
replaced  by  a  push-button  switch  in  the  handle  of  the  hand  set  oper- 
ated by  the  thumb  or  finger.  The  circuits  of  this  telephone  are 
shown  in  diagram  in  figure  77. 

It  will  be  noted  from  this  figure  that  the  switch  is  used  to  close 
the  local  battery  circuit  and  connect  the  receiver  and  secondar}'  of 
induction  coil  to  the  line  when  the  telephone  is  in  use  and  disconnect 
these  when  not  in  use.     The  hand-set  circuit  is  shown  in  figure  77. 

The  transmitter  and  receiver  are  standard  types  provided  with  a 
special  rigid  metal  mounting,  usually  of  aluminum,  to  reduce  weight ; 
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Fii;.  77. — Circuits  uf  licUl  telciihono,  model   I'.ilu. 

nonrusliiig  metal  and  hard  i'ul>bei-  insulation  with  water-proof  con- 
struction being  used  throughout.  Magneto  generators  of  the  three- 
bar  type  are  used,  these  being  ample  for  the  short  lines  and  small 
number  of  instruments  used  in  field  service.  The  generator  handle 
is  removed  when  the  instrument  is  not  in  use.  A  small  wrench  is 
also  furnished  with  each  set.  which  should  be  used  to  keep  all  nuts 
tightly  in  i)la(e.  Instructions  for  operation  and  field  repairs  are 
placed  in  the  cover  of  the  instrument.  The  assembled  insti'ument  is 
shown  in  figure  78ff.  A  rear  view  of  this  instrument  is  shown  in 
figure  786. 
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Fifi.  7Sfl.  —  Signal  Corps  field  telophone.  model  1010. 
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FiELD   ARTILLERY    TELEPHONE.    IMODEL    1010. 

The  field  artillery  telephone,  model  1010.  is  a  local  battery  instru- 
ment, designed  especially  for  use  by  the  field  artillery. 

The  principal  parts  of  this  telephone  are  mounted  on  a  fiber  base 
and  connected  electrically  by  copper  strips  countersunk  on  the  re- 
verse side  of  the  base  plate. 

The  base  plate  with  assembled  parts  mounted  thereon  is  secured 
in  a  case  by  three  attaching  bolts  provided  Avitli  holding  nuts  and 
washers. 

Figure  80  shows  the  circuits  of  this  instrument.  The  calling  de- 
vice consists  of  a  vibrator  tongue  mounted  on  an  armature  at  one 
end  of  the  induction  coil,  and  is  operated  by  a  push  button.  There 
is  a  small  adjusting  screw  beariuir  upon  the  vibrator  tongue  by  which 

the    vibrator    can    be 
regulated. 

The  transmitter,  re- 
ceiver, and  induction 
coil  are  of  the  usual  lo- 
cal battery  type,  with 
the  exception  that 
transmitter  is  mois- 
ture proof. 

"When  the  telephone 
is  in  use  the  trans- 
mitter must  be  swung 
up  into  place,  thereby 
automatically  closing 
battery  circuit:  after 
use.  the  transmitter  must  be  swung  back  to  traveling  position,  which 
automatically  opens  the  switch. 

This  arrangement  prevents  packing  up  the  instrument  after  use 
without  ojiening  the  battery  circuit.  The  battery  employed  is  com- 
posed of  two  small  tubular  dry  cells  of  commercial  type,  super- 
imposed and  covered  by  a  stilf  paper  cover.  This  cartridge  battery 
i^  held  in  place  b}'  sections  of  brass  tubing  and  held  at  the  top  and 
bottom  by  a  cap  and  spiral  spring  respectively.  The  battery  may  be 
readily  removed  by  first  remoAing  the  brass  caj). 

The  containing  case  is  made  of  aluminum  and  covered  Avith  fair 
leathci'  I'iveted  to  the  metal. 

This  instrument  weighs  about  (>  pounds  and  measures  3]  inches  by 
7  inches  by  8  inches. 

To  use  this  instrument  the  case  is  opened  and  plug  connection 
made.  The  transmitter  is  raised  and  receiver  removed  from  the  case. 
The  case  is  then  closed  and  the  receiver  is  attached  to  the  head  of  the 
operator  by  an  elastic  band  and  the  telephone  slung  about  the  neck. 
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LOCAL   BATTERY    A\  ALL   TELEPHONE. 


The  circuits  of  the  local  battery  wall  telephone  of  the  Sumter  Tele- 
phone Manufacturing  Company's  make  are  sho\yn  in  figure  81. 
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Fig.  81. — Circuit,  local  battery  telephone,  Sumter  type. 

This  figure  indicates  the  actual  wiring  of  the  instrument  and  the 
parts  correctly  placed  with  relation  to  each  other  as  they  are  mounted 
in  the  instrument.  The  circuits  of  this  instrument  may  be  traced  as 
follows : 
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1.  Incoming  signals  enter  at  line  U ,  pass  to  hinge  C,  to  bell  B,  to 
hinge  6",  and  return  to  line  L.  The  hook  switch  is  shown  in  its  nor- 
mal position  with  the  hand  receiver  in  place,  all  contacts  being  open. 

2.  Outgoing  signals  pass  from  one  pole  of  the  generator  G  to  the 
line  Z  through  the  distant  instrument  and  return  on  U  to  hino-e  C 


Fig.  '&'X. — Wall  telephone,   Sumter  type. 


to  the  opposite  pole  of  tlie  generator  (i.  In  this  instiument  the  l)ells 
B  are  [permanently  connected  between  the  lines  L  and  L\  as  is  also  the 
generator  G.  The  latter,  however,  by  means  of  its  switching  device, 
is  open  circuited  when  not  in  operation. 
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3.  The  local  battery  and  transmitter  circuits  pass  from  the  bat- 
tery through  the  transmitter  and  the  coarse-wire  winding  of  the  induc- 
tion coil  through  the  hook  switch  //,  which  now  has  all  contacts 
closed,  to  the  02)posite   pole  of  the   battery.     The  receiving  circuit 


Fig.  srt. — Wall  tolepliono.   Sumter  type. 

passes  from  L'  to  the  hook  switch  //  through  the  fine-wire  winding 
of  the  induction  coil,  through  the  receiver  li  to  the  line  L. 

In  figures  82  and  S:^)  is  shown  the  complete  instrument  to  which  the 
wiring  diagram  above  refers. 
60240°— 11 9 
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Fig.  S4. — Circuit,  local  b<ittory  wall  tolophnne.  Doan  type. 
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The  wiring  of  the  Dean  local  battery  wall  telephone,  which  is  fur- 
nished by  the  Signal  Corps,  is  shown  in  figure  84.  In  this  figure,  A 
shows  a  simplified  circuit,  and  B  the  wiring  as  actually  found  in 
the  instrument  with  the  parts  correctly  located  with  respect  to  each 
other. 
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Fig.  8.J. — Circuit,  local  battery  desk  set,  Sumter  type. 
LOCAL    BATTERY    DESK    SET. 

In  figure  85  is  shown  circuits  of  the  local  battery  desk  telephone 
of  the  Sumter  make,  as  furnished  to  the  Signal  Corps.  The  usual 
bridging  circuit  is  used.  The  diagram  shows  the  actual  wiring  as  it 
is  found  in  the  instrument,  and  the  various  parts  are  shown  correctly 
placed  with  respect  to  each  other. 
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COMMON    HATTERY    TELEPHONE. 

Ill  cer-cral  it  may  be  >aid  that  the  parts  used  in  the  comiiioii  battery 
^vall  leK^piiones  are  similar  to  those  used  in  the  local  battery. 

It  will  usually  be  found  that  the  primary  of  the  induction  coil 
used  in  the  common  battery  instruments  is  of  h.igher  resistance,  and 
that  the  ratio  between  the  primary  and  secondary  windings  of  the 
induction  coil  are  quite  dilierent.  A  common  battery  wall  telephone 
of  the  Sumter  make  is  shown  in  Hgure  80.     A  shows  the  wiring  of 
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I'li;.  sr>. —  I'il-cnits.  CDiniiuiii  lialt'-ry  wall  sol.   Sinulcr  typi 


the  instrument  and  the  parts  with  correct  relation  to  each  other,  ami 
B  a  simplified  circuit  diagram  of  the  instrument.  The  operation  of 
the  instrument  is  as  follows: 

Assuming  that  the  receiver  is  in  place  on  the  hook  switch,  the 
incoming  ringing  current  will  pass  from  the  line  L'  through  the  bells 
/>*.  condenser  f\  to  the  line  Z,  ringing  the  bells  B.  The  hand  receiver 
being  removed  from  the  hook  switch,  the  contacts  at  //  are  closed.  In 
this  condition  the  battery  from  the  central  exchange  passes  from  L' 
through  the  coarse-wire  winding  of  the  induction  coil  through  the 
iraiismitter  to  the  line  L.    Battery  also  passes  from  the  bells  B,  sec- 
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ondary  or  fine- wire  winding  of  the  induction  coil,  receiver  /?,  trans- 
mitter 7",  to  the  line  L.  The  resistance  of  this  second  path  is  very 
much  greater  than  that  of  the  first  path,  so  that  the  current  flowing 
in  this  high  resistance  path  may  be  considered  negligible.  If  now 
the  transmitter  be  spolven  into  the  current  flowing  through  the  trans- 
mitter will  vary  by  reason  of  the  varying  resistance  of  the  trans- 
mitter, caused  by  varying  pressure  between  the  carbon  granules. 
These  fluctuations  in  current  flowing  affect  the  distant  receiver  and 
reproduce  the  speech  at  T.  Incoming  speech  follows  the  same  circuit 
as  that  taken  by  the  battery  from  the  central  exchange.  This  voice 
current,  however,  being  alternating  in  character,  induces  a  current 
in  the  fine-wire  winding  of  the  induction  coil.  This  current  passes 
through  receiver  R^  hook  switch,  transmitter  1\  and  condenser  (', 
thus  reproducing  in  the  receiver  R  the  sounds  impressed  on  some  dis- 
tant transmitter.  The  condenser  also  serves  to  strengthen  the  effect 
of  the  induced  current  in  R  by  reason  of  the  varying  potential  across 
its  terminals. 

In  figure  87  is  shown  a  common  battery  desk  set  of  the  Sumter  Com- 
pany's make  as  furnished  to  the  Signal  Corps.  In  this  figure  A 
represents  the  actual  wiring  and  arrangement  of  the  parts  and  B  the 
elementary  diagram.  It  will  be  noted  that  this  corresponds  exactly 
to  the  circuits  of  the  wall  telephone  and  the  description  given  for 
the  operation  of  the  set  mentioned  above  (wall  telephone)  applies 
equally  as  well  to  this. 

In  figure  TO  are  shown  the  circuits  of  the  common  battery  tele- 
phone furnished  the  Signal  Corps  by  the  North  Electric  Company. 
The  operation  of  this  set  differs  somewhat  from  the  Sumter,  described 
above,  and  is  as  follows: 

With  the  hand  receiver  removed  from  the  hook  switch,  the  contact 
at  H  being  closed,  current  flowing  from  the  battery  at  the  central 
exchange  passes  over  the  line  L'  to  transmitter  7",  coarse-wire  wind- 
ing of  the  induction  coil,  hook  switch  H^  to  the  line  L-.  This  current 
flowing  through  the  transmitter  T  is  modified  by  speaking  into  the 
transmitter  in  the  usual  way.  Incoming  voice  currents  follow  the 
same  path  as  that  taken  by  the  battery  from  the  central  exchange, 
these  being  alternating  in  character,  and  as  they  pass  through  the 
Avinding  /*,  induce  currents  in  the  winding  /S,  which  pass  through  the 
receiver  R  and  return  to  the  coil  dS',  thus  reproducing  speech  in  R. 
It  will  be  noted  that  this  receiving  current  has  no  direct  connection 
with  the  remainder  of  the  instrument.  This  differs  in  this  respect 
from  the  one  described  above. 

Incoming  signals  are  received  in  the  following  manner: 

Entering  by  the  lino  Z',  pass  through  the  condenser  6'.  ringer  B^ 
and  binding  post  G^  which  in  the  Signal  Corps  instrument  is  per- 
manently connected  to  the  line  L~.    The  hand  receiver  being  in  place. 
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the  contact  at  the  jioiiit  //  is  opened.     The  condenser  C  is  installed 
to  prevent  the  flow  of  current  from  the  central  battery  through  the 
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Fic.   S7. — Circuits,  common  battery  desk  sot.   Sumter  t.vpc. 

bells  B  at  all  times.     This  condenser  does  not  affect  the  passage  of 
the  alternating  currents  such  as  are  produced  bv  magneto  generators. 
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In  figure  88  is  shoAvn  the  circuit  of  the  above  figure  as  installed  in  a 
common  battery  Avail  telephone  furnished  the  Signal  Corps.  Figure 
80  shows  the  circuits  as  furnished  in  the  desk  set  type  of  the  same 
instrument. 

THE    CUT-IN    TELEPHONE. 

The  cut-in  telephone,  model  1905,  as  shown  in  figure  90,  is  used 
for  cutting  in  on  an  ordinary  telegraph  line  to  talk  with  repair  par- 


Blue 

Fig.  88. — rireiiil,  conimon  battery  waU  tcleplioni",  Xortli  type. 

ties  without  interrupting  telegraphic  communication,  and  for  outpost 
service  in  the  vicinity  of  a  telegraph  line.  The  simplified  diagram  of 
the  wiring  of  this  instrument  is  shown  in  figure  91.  If  a  telephone 
recei\er  is  inserted  in  the  ordinary  telegraph  circuit  the  make  and 
Ijreak  of  the  current  will  cause  a  series  of  snappings  of  the  diaphragm, 
which  would  completely  obscure  any  talk;  if,  however,  this  snapping 
of  the  diaphragm  is  eliminated,  talk  coming  over  the  line  can  be  heard 
in  the  receiver.     To  do  this  the  rise  and  fall  of  the  current,  due  to  the 
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opening  and  closinir  of  the  Morse  circuit,  must  be  regulated  Avith 
respect  to  the  receiver  so  that  no  au(Iil)lc  indication  of  it  can  be 
heard.  This  is  done  by  inserting  a  coil  of  high  self-induction  be- 
tween the  telegraph  instrument  and  the  telephone.  This  coil  so 
regulates  the  ^lorse  current  with  respect  to  the  receiver  that  wlien  the 
telephone  is  joined  through  a  condenser  to  the  line  no  sound  of  the 
telegrajih  instruments  can  be  heard,  but  telephonic  speech  coming  over 
the  line  will  be  audible.  The  condenser,  in  addition  to  helping  regu- 
late the  ^Nlorse  current,  prevents  the  telegraph  line  from  being 
grounded   through   the   telephone.     The   hardwood   box   contains   a 


Fig.  8!i. — Circuit,  common  liattery  des;k  telephone,  North  type. 

hand  set  combinina-  the  receiver  and  transmitter,  the  circuit  of  the 
latter  l)eing  controlled  by  a  spring  switch  in  the  handle.  The  box 
also  contains  the  calling  device,  the  choke  coil,  condenser,  and  the 
cells  of  dry  battery.  The  choke  coil,  whose  core  consists  of  a  number 
of  soft-iron  Avires  projecting  a  couple  of  inches  beyond  the  ends,  is 
wound  to  -1  ohms,  so  that  when  the  serrated  metal  ])late  is  scratched 
by  the  spring  controlled  by  the  button  on  the  left  the  discharge  cur- 
rent Avill  be  of  such  volume  as  to  produce  a  loud  note  in  the  receiver 
at  the  distant  station.  AVhen  the  two  stations  that  ai-e  communi- 
cating with  each  other  aiv  l)etween  two  telegra])h  stations  one  binding 
post  on  the  to^)  of  each  box  is  connected  to  the  telegraph  line  and  the 
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other  grounded.     When  a  telegraph  station  intervenes  between  the  two 
telephone  stations  the  telegraph  set  must  be  bridged  by  a  condenser. 

INSPECTION   or  ELECTRICAL  INSTALLATIONS  OF  THE  SIGNAL  CORPS. 

It  is  required  that  inspections  of  the  electrical  installations  of  the 
Signal  Corps  be  made  at  stated  intervals.  In  the  case  of  coast  artil- 
lery posts  these  inspections  are  made  annually,  and  for  all  other 
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military  posts  semiannually.  The  objects  of  such  inspections  are  to 
ascertain  that  the  equipment  and  connections  are  in  conformity  with 
War  Department  orders;  that  they  are  efficiently  maintained  and 
properly  operated;  to  observe  defects  or  deterioration  of  apparatus 
or  material ;  to  report  as  to  types  and  location  of  instruments,  and  to 
make  recommendations  as  to  possible  improvements  in  material,  in- 
struments, or  methods  of  installation. 
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The  inspector  on  such  occasions  is  the  representative  of  the  Signal 
Corps,  and  shonhl  endeavor  to  make  the  report  as  complete  and  com- 
prehensive as  possible.     It   is  also  intended  to  use  the  information 


l"i(;.  01.      ("ill  in  tolonlionc  circuit. 


contained  in  these  reports  in  connection  with  furnishing  supplies  on 
requisitions  to  supply  dehciencies  in  descri})tion  or  t^'pe  references. 

Standard  blank  forms,  which  cover  the  most  essential  points  to  be 
observed,  have  been  devised  for  the  use  of  the  inspector.     It  is.  how- 
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ever,  a  difficult  matter  to  prepare  a  form  which  will  be  of  general 
application  and  at  the  same  time  meet  special  or  unusual  conditions 
which  will  be  found  to  obtain  to  a  greater  or  less  degree  at  each  mili- 
tary 2)ost.  This  should  be  borne  in  mind  in  making  inspections,  and 
entry  made  of  items  which,  though  not  specifically  called  for  in  the 
blank  forms,  would,  in  the  opinion  of  the  inspector,  add  to  the  value 
of  the  report.  The  objects  to  be  accomplished  by  the  inspection 
should  be  kept  in  view  constantly,  and  the  spirit  as  well  as  the  letter 
of  the  requirements  carefully  observed. 

In  the  following  paragraphs  a  resume  of  AVar  Department  orders, 
which  govern  this  work  at  the  present  time,  will  be  given.  These 
orders  are  modified  or  superseded  from  time  to  time  as  conditions 
require,  so  that  it  is  advisable  to  obtain  information  as  to  current 
regulations  before  proceeding  to  perform  inspections. 

The  following  instructions  govern  the  inspection,  test,  and  repair 
of  such  of  the  elements  of  seacoast  fortifications  as  have  been  fur- 
nished or  installed  by  the  Signal  Corps: 

1.  The  department  coiiuiiamler  will  cause  an  annual  inspection  and  test  to  be 
made  of  the  entire  Signal  Corps  equipment  of  each  seacoast  fortification  within 
his  department.  Such  inspection  and  test  will  take  place,  if  practicable,  during 
the  three  months  preceding  June  30  of  each  year,  and  will  be  made  by  the 
chief  signal  officer  of  the  department.  If  that  is  impracticable,  the  inspection 
and  test  will  be  made  by  some  other  officer  of  the  Signal  Corps,  or  by  the  district 
artillery  engineer;  and  if  none  of  these  officers  is  available,  then  by  such  other 
officer  of  the  Coast  Artillery  Corps  as  the  department  connnander  may  designate. 
Officers  designated  to  make  these  inspections  and  tests  will  give  notice  thereof, 
through  the  artillery  district  commander,  to  the  post  commander,  who  will  fur- 
nish such  officers  with  any  assistance  that  may  be  required.  The  inspector  will 
be  accompanied  during  his  inspection  by  the  district  artillery  engineer  and  by 
the  officer  immediately  responsible  for  the  equipment  to  be  inspected. 

2.  A  report  covering  the  inspection  and  test,  on  blank  forms  provided  by  the 
Signal  Corps,  will  be  prepared  in  triplicate  and  forwarded  through  the  post 
commander  to  the  department  commander.  One  copy  will  be  withdrawn  for  file 
in  the  office  of  the  chief  signal  officer  of  the  department  and  the  remaining  two 
copies  will  be  forwarded  to  The  Adjutant-General  of  the  Army  for  file  in  the 
offices  of  the  Chief  Signal  Officer  of  the  Army  and  the  Chief  of  Coast  Artillery, 
respectively. 

3.  Should  the  post  commander  learn,  at  any  time  other  than  at  the  regular 
inspections,  that  a  serious  defect  has  developed  in  the  Signal  Corps  equipment 
at  his  post,  it  is  his  duty  to  inform  the  department  commander,  through  the 
artillery  district  commander,  giving  a  detailed  report  in  order  that,  if  prac- 
ticable, the  necessary  corrections  may  be  made  before  the  next  regular  inspec- 
tion.    (Extract  G.  O.  S3,  W.  D.,  190!).) 

It  will  be  seen  from  the  above  that  fire-control  inspections  are  to  be 
made  annually  only.  The  reports  are  made  in  triplicate  and  for- 
warded through  the  commanding  officer  of  the  post  not  later  than 
June  30  of  each  year.  The  date  on  which  the  inspection  is  to  be  made 
is  not  fixed,  but  should  be  in  the  last  quarter  of  the  fiscal  year. 
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Post  telephone  systems  of  tlie  Signal  C()ii)>  at  inteiiur  jjosts  are 
inspected  semiannually,  as  directed  in  the  following  extract  from 
G.  O.  97.  W.  D..  IDOf)": 

Post  telephonic  systems  are  to  be  maintained  and  operated  by  the  members 
of  the  garrison  as  a  rnle.  snch  systems  to  be  inspected  by  a  signal  corps  or  other 
available  expert  at  least  twice  each  year.  Chief  signal  officers  of  departments 
will  apply  for  the  necessary  orders  to  have  snch  inspections  made. 

The  dates  on  which  these  in^^pections  should  be  made  are  not  fixed, 
but  may  be  made  at  any  time  within  the  year.  The  reports  are  for- 
warded through  military  channels  from  the  post  insj^ected. 

Eli^hnatiox  of    Troubm:  in  Telephones. 

locating  faults. 

Experience  is  the  best  guide  in  discovering  faults  or  locating 
troubles  in  telephone  instruments,  and  consequently  general  sugges- 
tions only  are  given.  A  thorough  understanding  of  the  wiring  of  the 
telephones  and  switchboards  issued  is  presupposed,  and  is  of  the  first 
importance.  There  is  nothing  more  necessary  and  useful  in  the  main- 
tenance and  oi)eration  of  electrical  instruments  than  a  thorough 
acquaintance  with  the  [principles  and  actual  circuit  wiring  of  the 
apparatus.  The  inspector  should  be  supplied  with  a  key  for  the 
magneto  box.  a  small  screw-driver,  a  pair  of  pliers,  an  extra  receiver, 
a  couple  of  cells  of  dry  battery,  a  4-ohm  buzzer,  and  a  magneto, 
preferably  mounted  in  the  form  of  a  lineman's  test  set. 

TELEPHONE. 

The  usual  faults  in  an  instrument  are  developed  under  the  follow- 
ing conditions:  First,  the  station  can  not  call:  second,  the  station 
can  call,  but  speech  can  not  be  heard  in  either  direction:  third,  the 
station  can  hear,  but  can  not  I)c  heard;  fourth,  (he  station  can  be 
heard  but  can  not  hear. 

In  the  first  case  the  fault  is  in  the  call  box  or  on  the  line;  in  the 
second  case  the  circuit  is  either  short-circuited  or  open-circvnted ;  in 
the  third  case  the  fault  is  in  the  primary  circuit  of  the  transmitter, 
and  may  be  due  to  the  battery,  bad  contact  in  the  hook  switch,  a  l)reak 
or  short  circuit  in  the  primary  or  a  short  circuit  in  the  secondary  coil, 
or  else  to  a  broken  transmitter.  "\Mien  the  station  can  not  ring,  first 
disconnect  the  instrument  from  the  line  and  short-circuit  the  line 
posts  by  a  piece  of  Avire.  If  the  instrument  is  of  the  series  type  the 
bell  should  ring  with  its  own  generator,  and  if  of  the  bridging  type 
the  bell  should  not  ring,  the  handle  turning  with  (lifliculty.  If  this 
occurs  the  fault  is  not  in  the  magneto  itself,  but  must  be  on  the  line. 
If  in  the  magneto,  look  first  to  see  whether  the  joint  connecting  the 
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two  magnet  coils  of  the  bells  is  not  loose,  or  whether  the  soldered  joint 
at  the  hook  switch  is  tight.  These  two  joints  are  always  soldered  with 
rosin  solder.  If  the  joint  is  improperly  made  the  wires  frequently  be- 
come loose.  Test  all  parts  of  the  circuit  for  continuity,  and  see  that  the 
automatic  shunt  is  in  proper  condition.  Inspect  the  pivots  and  arma- 
ture of  the  bell,  and  see  that  the  armature  is  at  a  proper  distance  from 
the  cores.  It  is  better  to  adjust  the  bell  by  getting  the  armature  at 
the  proper  distance  from  the  cores  rather  than  to  change  the  relative 
position  of  the  bells  on  their  base.  The  coiled  spring  iu  the  shaft  of 
the  Western  Electric  type  of  magneto  is  sometimes  found  broken,  and 
the  short  circuit  is  not  removed  from  the  armature  when  the  handle 
is  turned. 

If  speech  can  not  be  heard  in  either  direction,  first  test  the  receiver 
cords  for  continuity,  and  then  see  if  the  secondary  coil  is  open.  If 
the  distant  station  can  hear  you,  but  you  can  not  hear  it,  the  receiver 
cord  is  probably  open  or  there  is  a  short  circuit  in  the  receiver  Avind- 
ings  or  at  the  terminals,  or  a  receiver  winding  is  open.  The  secondary 
winding  of  the  induction  coil  must  be  in  good  condition,  as  it  trans- 
mits speech  to  the  distant  station.  Or  the  receiver  may  be  out  of 
adjustment,  that  is  the  diaphragm  is  not  held  at  the  proper  distance 
from  the  pole  pieces.  This  may  be  easily  tested  by  unscrewing  the 
ear  piece  and  then  holding  the  receiver  in  one  hand  and  tapping  it 
against  the  other  lightly.  The  diaphragm  should  slide  partially  off. 
If  it  does  not  start  it  is  either  buckled  or  else  too  near  the  magnets. 
If  it  falls  off  it  is  too  far  away  from  the  magnets.  The  receivers  are 
always  adjusted  before  issuing  to  the  service,  and  it  seldom  occurs 
that  trouble  is  due  to  this  cause,  and  their  adjustment  should  not  be 
altered  until  the  inspector  is  satisfied  that  the  trouble  is  entirely  due 
to  this  source.  In  screwing  up  the  ear  piece  on  the  body  of  the  re- 
ceiver care  should  be  taken  that  it  is  not  screwed  home  too  violently, 
as  it  will  sometimes  force  the  diaphragm  down  against  the  magnets, 
or  jam  it  so  that  it  will  lose  its  natural  elasticity.  In  case  speech  is 
heard  from  the  distant  station,  but  it  reports  that  it  can  not  hear  the 
home  station,  the  trouble  is  in  the  primary  side  of  the  talking  circuit. 
The  battery  should  be  examined  first,  and,  as  a  general  rule,  when- 
ever trouble  develops  in  the  talking  circuit,  examine  the  battery  l)e- 
fore  making  any  other  test.  If  the  battery  is  in  good  working  con- 
dition, examine  the  back  contacts  of  the  hook  arm,  and  see  that  they 
close  when  the  sAvitch  is  up;  next  test  the  continuity  of  the  primary 
coil;   then  examine  the  transmitter. 

A  vast  amount  of  annoyance  will  be  saved  by  frequent  and  careful 
examination  of  all  screw  connections,  as  there  is  a  constant  tendency 
for  them  to  Avork  loose,  even  if  fastened  by  lock  nuts.  As  a  very 
large  proportion  of  trouble  is  caused  by  loose  connections  it  is  ahvays 
safe  first  to  examine  all  connections  before  looking  elscAvhere  for 
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the  trouble.  A  poor  ground  for  instrunienls  on  ground-return  systems 
is  likewise  the  frequent  cause  of  a  Aveak  ringing  of  the  bells  or  faint 
talking.  The  ground  ])late  must  be  in  contact  with  damp  earth:  it 
is  not  sufficient  to  put  the  ground  plate  a  few  feet  undei"  the  surface 
of  the  earth  where  in  summer  the  ground  dries  out  and  in  winter  the 
earth  freezes  around  and  below  it.  Where  both  gas  and  water  pipes 
can  be  reached  the  ground  wire  must  be  secured  to  the  water  pipe. 
If  none  is  aA'ailable  a  gas  pipe  can  be  used,  and  the  wire  connected 
with  the  service  pipe,  outside  the  meter;  otherwise  when  the  meter 
is  removed  for  repairs  or  other  causes  the  line  will  be  opened.  The 
telephone  must  not  be  grounded  on  the  same  conductor  that  serves 
for  a  telegraph  ground. 

SUMMARY   OF   FAULTS. 

(a)  Station  can  not  call : 

Broken  wire  in  box;  the  ground  wire  open:  the  coiled  spring 
on  driving  shaft  broken,  or  open  wire  in  armature  of  the 
magneto.  If  the  handle  of  the  magneto  turns  with  diffi- 
culty and  the  bell  does  not  ring,  on  a  bridging  line,  a 
short  circuit  exists  in  the  line  connections  of  the  instru- 
ment. Disconnecting  one  of  the  line  wires  will  determine 
whether  this  fault  is  on  the  line  or  in  the  instrument. 

(b)  Station  rings  distant  station,  but  its  own  bell  remains  silent: 

Bad  connections  in  box,  bells  out  of  adjustment,  or  open 
ringer  coil, 

(c)  Station  rings  other  bells  strongly,  but  its  own  weakly  : 

The  ringer  magnet  is  weak,  or  bells  out  of  adjustment  or 
partially  short-circuited. 
{d)   Station   rings  other  bells  feebly,  but  receives  incoming  ring 
strongly : 
Magneto  weak,  bad   connections  in   magneto,  or  armature 
partially  short-circuited. 
(e)   Station  rings  and  receives  ring,  but  can  not  talk: 

Receiver  cord  broken,  bad  connections  in  box.  lever  arm  does 
not  close,  poor  battery,  open  circuit  in  transmitter  or  in- 
duction coil,  bad  connections  in  transmitter  arm  or  small 
retaining  diaphragm  of  transmitter  broken  and  carbon 
lost. 
(/)   Station  rings  frequently  without  apparent  cause : 

Swinging  cross  with  telegraph  or  other  exterior  lines. 
(g)   Receiver  weak : 

Coil  partially  short-circuited,  poor  connections,  diaphragm 
bent  or  dirty,  or  demagnetized  pole  pieces.  (Diaphragm 
should  be  0.01  inch  from  the  ends  of  the  pole  pieces.) 
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{/i)   Home  station  can  hear,  but  can  not  talk: 

Transmitter  circuit  open  or  else  short-circuited,  or  batteries 
run  down. 
(i)   Home  station  receives  speech  strongly,  but  its  own  talk  is  weak: 
Transmitter  packed,  dampening  springs  clamp  diaphragm 
too  tightly,  or  batteries  run  down. 
(j)   Speech  at  distant  station  is  indistinct,  a  scratching  or  grating 
noise : 
Loose  connections,  or  battery  too  strong. 

When  the  inspector  is  satisfied  that  the  battery  is  strong,  a  quick 
test,  which  will  disclose  whether  the  trouble  is  on  the  line  or  in  the 
instrument,  can  be  made  as  follows :  Disconnect  the  instrument  from 
the  line  and  short-circuit  its  terminals;  place  the  ear  piece  of  the 
receiver  in  the  mouthpiece  of  the  transmitter,  and  if  a  singing  note 
is  heard  the  talking  circuits  are  clear.  If  the  magneto  rings  in  the 
case  of  a  series  instrument,  or  in  the  case  of  a  bridged  instrument 
when  the  short  circuit  is  removed,  the  ringing  circuit  is  clear  and  the 
trouble,  if  any,  must  exist  in  the  line. 

The  accepted  method  of  cleaning  key  contacts,  or  mechanically 
testing  for  opens,  is  by  putting  a  strip  of  glazed  paper  between  con- 
tacts when  keys  are  open,  closing  the  keys,  and  withdrawing  it.  If 
the  key  does  not  make  firm  contact,  of  course  the  paper  will  be  easily 
withdraAvn.  If  it  does,  withdrawing  the  paper  will  clean  off  any  dirt 
that  may  be  on  the  contact.  This  trouble  can  be  removed  by  adjust- 
ing the  key. 

The  location  of  trouble  in  cordless  boards  is  more  difficult,  as  each 
part  of  the  various  circuits  will  probably  have  to  be  tested  out  in  suc- 
cession before  the  trouble  is  located. 

BATTERY. 

Cracked  cells,  allowing  the  solution  to  run  out ;  loose,  dirty,  or 
corroded  terminals;  loose  connections  on  zinc  and  carbon;  zinc  rod 
used  up  or  solution  too  low.  are  the  usual  defects  in  the  battery.  The 
jars  should  be  kept  filled  between  the  water  lines  marked  on  the  cells, 
the  tops  kept  thoroughly  clean  and  free  from  salts,  and  the  solution 
up  to  its  proper  strength.  The  necessary  directions  for  setting  up 
the  cell  and  preparing  the  battery  fluid  are  to  be  found  on  the  printed 
label  attached  to  the  cell. 

COMMON    BATTERY. 

Troubles  in  common  battery  instruments  do  not  materially  differ 
in  character,  and  are  located  in  much  the  same  way  as  in  local  bat- 
tery apparatus.     Omission  of  the  magneto  materially  reduces  likeli- 
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hood  of  fault  at  the  substation.  C'oudcnsers  occasionally  short-cir- 
cuit, causing  the  switchboard  signal  to  operate,  and  this  fault  can  only 
be  detected  by  testing  the  condenser  for  a  How  of  direct  current. 

Line  troubles  are  usually  detected  by  their  etl'ect  on  the  central  bat- 
tery. Common  battery  switchboards  as  furnished  for  signal  coij)- 
work  have  no  a<ljustinents  and  are  in  general  simpler  in  their  opera- 
tion than  the  local  battery  switchboard. 

Batteries  used  in  common  battei-y  work  are  described  under  *' Sec- 
ondary Batteries,'"  in  this  manual. 


Of  THE 

UNIVERSITY 

OF 


Chapter  VT. 

Telephone   Savitchboards   and   their   Auxiliary   Protective   and 

Power  Equipment. 

The  telephone  systems  installed  by  the  Signal  Corps  for  the  mili- 
tary posts  and  schools  of  instruction  are  constructed  and  installed  in 
accordance  with  General  Orders,  Nos.  97,  1906,  and  170,  1908,  here- 
with, and  comprise  the  stations  authorized  therein : 

General  Orders.  |  War  Department, 

No.  97.  J  Washington,  May  25,  1906. 

General  Ordeis.  No.  35,  War  Department,  February  19,  1906,  and  General 
Order.s,  No.  58,  War  Department,  March  21,  1906,  are  rescinded  and  the  follow- 
ing substituted  therefor : 

1.  For  administrative  purposes  the  following  telephonic  communication  is 
authorized  at  each  military  post,  to  be  established  by  the  Signal  Corps,  United 
States  Army. 

The  telephones  for  each  post  will  be  located  as  follows: 

Oftice  of  the  commanding  officer 1 

OfBce  of  the  quartermaster 1 

Office  of  the  commissary 1 

At  the  hospital 1 

At  the  guardliouse 1 

At  the  post  exchange 1 

Residence  of  the  commanding  officer 1 

Residence  of  the  quartermaster 1 

Residence  of  the  adjutant 1 

Residence  of  the  surgeon 1 

At  the  pump  house 1 

At  the  corral 1 

At  each  subpost ?, 

In  addition  to  the  foregoing  allowance,  not  to  exceed  one  additional  telephone 
for  each  organization  serving  at  the  post  may  be  installed  at  points  selected  by 
the  post  commander  when  certified  to  be  necessary  for  the  public  service.  These 
telephones  are  intended  to  expedite  general  administrative  affairs  at  large  posts 
where  a  number  of  companies  are  stationed,  and  are  not  primarily  intended  to 
be  placed  at  the  company  offices  or  barracks. 

The  central  post  exchange  will  usually  be  located  at  the  adjutant's  office. 

2.  When  the  Quartermaster's  Department  finds  it  necessary  to  contract  for 
telephonic  communication  from  a  nearby  town  to  the  offices  of  the  commanding 
officer,  the  quartermaster,  and  the  commissary,  or  such  of  them  as  may  be 
necessary,  through  a  commercial  telephone  company,  that  department  is  author- 
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ized  to  c'oiitnu-t  for  the  rental  of  a  conunercial  wire,  tofiether  with  a  sufficient 
number  of  telepliones  and  switchboard,  if  necessary,  for  the  official  business 
of  the  post. 

3.  At  large  posts  where  complete  private  telephone  service  is  desired  in  addi- 
tion to  that  provided  by  the  Signal  Corps,  a  revocable  license  will  be  prepared 
by  department  commanders  and  forwarded  to  The  Military  Secretary  of  the 
Army  for  the  approval  of  the  Secretary  of  War,  covering  completely  the  condi- 
tions under  which  the  poles  may  be  erected,  the  wires  strung,  and  the  exchange 
service  regulated,  or  the  whole  plant  removed  when  required.  This  service 
will  be  permitted  in  no  case  without  the  approval  of  the  Secretary  of  War.  and 
will  be  made  an  entirely  seimrate  installation  from  the  government  lines. 

4.  Telephonic  installations  for  rifle  ranges,  fire-control  purposes.  War  College, 
and  service  schools  are  not  included  in  the  abo\e.  They  are  provided  for  sei»a- 
rately,  according  to  the  necessities  of  the  occasion. 

TELEPHONE   SYSTEMS   OF   COAST   ARTILLERY   POSTS. 

5.  The  telephone  system  of  an  artillery  district  constitutes  a  portion  of  its 
defenses  and  will  hereafter  be  installed  on  the  recommendation  of  the  Chief 
Signal  Officer  of  the  Army  and  the  Chief  of  Artillery,  It  will  be  established 
and  maintained  from  funds  appropriated  f«u'  tire-control  installation. 

6.  In  addition  to  the  telephones  authorized  at  each  post  by  paragraphs  1,  2, 
3,  and  4,  above,  for  administrative  purposes,  there  will  be  established  in  ai'til- 
lery  districts,  under  the  provisions  of  Article  I,  Revised  System  of  Fire  Control, 
approved  April  19,  1905,  one  telephone  at  each  storage  magazine,  ordnance 
machine  shop,  ordnance  storehouse,  engineer  storehouse,  signal  corps  store- 
house, toi-pedo  storehouse,  wharf,  and  power  phint. 

7.  At  each  post  the  telephones  for  administrative  purposes,  those  mentioned 
in  the  preceding  paragraph,  and  such  other  fire-control  telephones  as  may  be 
designated  on  the  reconmiendation  of  the  Chief  of  Artillery,  will  be  centered  in 
one  switchboard,  located  at  post  headquarters,  or  at  such  other  point  as  may 
be  recommended  by  the  Chief  of  Artillery. 

8.  From  each  post  switchboard  in  an  artillery  district  there  will  be  one  trunk 
line,  and  from  each  battle-commander's  station  two  trunk  lines  to  the  post 
switchboard  at  artillery  district  headquarters.  Detached  posts  and  battle  com- 
mands, attached  to  artillery  districts  for  administrative  piirjioses.  will  not  he 
included  in  the  district  telephone  system. 

9.  In  artillery  districts  provided  only  with  the  temporary  system  of  tire 
control,  as  prescribed  in  General  Orders,  No.  13,  War  Uepartnient.  January  16. 
1906,  the  telephones  mentioned  in  paragraph  6  of  this  order  will  be  established 
upon  the  recommendation  of  the  Chief  of  Artillery  as  funds  are  available.  Ex- 
cept in  cases  where  existing  cables  can  be  utilized  the  trunk  lines  from  post 
switchboards  and  from  battle-commanders'  stations  to  the  switchboard  at  artil- 
lery district  headquarters  will  be  established  only  in  connection  with  the  perma- 
nent tire-control  installation,  and  the  provisions  of  paragraph  8  of  this  order 
will  be  subject  to  such  modifications  at  the  time  of  installation  as  may  be 
required  by  local  conditions. 

10.  In  order  to  localize  responsibility  for  the  proper  care  of  the  switchboard 
and  to  secure  experienced  services  the  commanding  office  of  the  post  will,  when- 
ever possible,  have  the  switchboard  operated  by  men  permanently  detailed  for 
that  purpose. 

11.  Post  telephonic  systems  are  to  be  maintained  and  operated  by  the  mem- 
bers of  the  garrison  as  a  rule,  such  systems  to  be  inspected  by  a  Signal  Corps 
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or  other  available  expert   at    least   twice  each  year.     Chief  signal   otiicers  of 
departments  will  apply  for  the  necessary  orders  to  have  such  inspections  made. 
(1114446,  M.  S.  O.) 
By  order  of  the  Secretary  of  AVar: 

J.  Franklin  Bell. 
Brigadier-General,  Chief  of  Staff. 
Official : 

Henry  P.  McCain, 

Militarii  Srrrrtorif. 


(tKNeral  Orders.  I  War  Department, 

No.  170.  J  Waslii))gto)i,  October  23,  1908. 

Paragraph  1,    General    Orders,   No.   97,    War  Department,   May   25,   190G,    is 
amended  to  read  as  follows: 

1.  For  administrative  purposes  the  following  telephonic  communications  are 
authorized  at  military  posts,  and  will  be  established  by  the  Signal  Corps  as 
rapidly  as  funds  become  available  for  that  purpose.  Each  year,  as  soon  as 
jiracticable  after  the  passage  of  the  army  appropriation  bill,  the  War  Depart- 
ment will  designate  the  posts  at  which  the  extended  telephone  system  herein 
authorized  will  be  established  during  the  following  fiscal  year,  and  pending 
such  establishment  existing  post-telephone  systems  will  remain  intact,  and  the 
number  of  telephones  at  posts  not  designated  to  receive  the  extended  system  will 
remain  the  same  as  those  authorized  prior  to  September  30,  L90S. 
The  telephones  will  be  located  as  follows : 

Office  of  the  commanding  officer.  .  The  post  exchange. 

Office  of  the  quartermaster.  The  pumping  station. 

Office  of  the  commissary.  The  corral. 

Office  of  the  artillery  engineer.  Each  snbpost. 

Office  of  the  ordnance  officer.  The  quartermaster  dock. 


Office  of  the  local  assistant  to  dis- 
trict engineer  officer  (when  lo- 
cated at  the  post). 

Each  officer's  quarters. 

The  hospital. 

The  guardhouse. 


Each  picket  guardhouse. 

Each  barrack. 

Quarters  of  the  senior  master  elec- 
trician or  electrician  sergeant. 

Quarters  of  the  local  assistant  to 
the  district  engineer  officer. 


The  central  post  exchange  will  usually  I)e  located  at  the  adjutant's  office. 

(1421 566.  A.  G.  O.) 

By  order  of  the  Secretary  of  AVar: 

J.  Franklin  Bell, 
Brigadier-Genrra] .  Clticf  of  Staff. 
Official  : 

Henry  P.  McCain. 

Adjutant-General. 

The  telephone  sAA'itchboards  installed  for  these  exchanges  vary  in 
size  from  15  to  200  line.  Those  constructed  under  General  Orders, 
No.  97,  1906,  are  mostly  local  battery  installations  at  interior  posts 
and  coast  artillery  posts  in  the  Departments  of  the  Gulf  and  of 
Texas.  For  the  installations  authorized  by  General  Orders,  No.  170, 
1908,  common  battery  equipment  has  been  provided.  Suitable  pro- 
tective and  battery  apparatus  are  installed  with  each  hiAvitchboard, 
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and  an  effort  will  be  made  in  this  chapter  to  describe  the  apparatus 
thus  far  installed  by  the  Signal  Corps  in  such  a  manner  as  to  aid  in 
its  operation  and  maintenance. 

In  addition  to  the  above  equipments  the  Signal  Corps  also  provides 
portable  switchboards  for  field  use  which  will  be  described.  Other 
types  are  no  longer  issued,  but  enough  description  of  these  will  be 
given  as  is  required  for  their  maintenance. 

CENTRAL  ENERGY  OR  COMMON  BATTERY  SWITCHBOARD  EQUIPMENT. 

Coast  artillery  posts  are  provided  with  central  energy  telephone 
systems,  in  accordance  with  General  Order  97,  War  Department, 
1906,  and  General  Order  170,  AVar  Department,  1908. 

Interior  posts  are  equipped  with  extensive  systems  of  the  same  type, 
in  accordance  with  General  Order  170,  and  are  usually  designated 
each  3^ear  as  soon  as  practicable  after  the  passage  of  the  army  appro- 
priation bill.  Two  types  of  the  switchboard  are  used,  known  as  the 
visual  and  lamp  supervisory  signal  switchboards. 

The  visual  supervisory  signal  switchboard  is  equipped  with  a  visual 
signal  for  each  cord,  giving  negative  supervision  of  the  cord  circuit; 
that  is,  the  signal  shows  as  long  as  the  telephone  connected  is  in  use. 
The  lamp  supervisory  signal  switchboard  is  equipped  with  a  lamp 
supervisory  signal  for  each  cord,  and  gives  positive  supervision 
wherein  the  lamp  is  lighted  only  before  and  after  the  telephone  con- 
nected has  answered  the  call.  Descriptions  of  each  type  of  switch- 
board will  be  given  hereafter. 

CENTRAL  ENERGY   VISUAL   SIPERVLSORV   SWITCHBOARD. 

This  type  of  switchboard  is  shown  in  figure  9'2,  illustrating  a  50- 
line  capacity  board.  These  switchboards  are  made  in  50,  100,  and 
200  line  capacities,  with  10  pairs  of  cords  for  the  first  size.  12  pairs  of 
cords  for  the  100-line  size,  and  12  pairs  of  cords  for  each  two  positions 
of  the  200-line  switchboard.  In  addition  each  operator's  position 
is  equipped  with  a  hand  generator  for  ringing  purposes,  night-bell 
circuit,  battery-test  key,  line-pilot  lamp,  and  operator's  set  complete. 
In  addition  to  the  central  energy  visual  line  signals  5,  10,  and  20 
magneto  lines  and  drops  are  provided  in  the  50,  100,  and  200  line 
switchl)oards  respectively,  for  the  accommodation  of  long  lines  and 
for  interpost  lines  running  in  aerial  wire  or  submarine  cables,  and 
for  commercial  trunks.  In  special  cases  the  luunber  of  these  mag- 
neto linos  can  be  increased  in  all  sizes  of  switchboards  to  meet  local 
conditions,  but  this  can  only  be  done  satisfactorily  at  the  time  of 
manufacture. 
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Protector  equipment,  consisting  of  heat  coils  and  carbon  lightning 
arresters,  are  provided  for  all  central-engery  switchboards.  For  the 
50  and  100  line  sizes  a  terminal  cabinet  is  provided  in  which  this  pro- 
tector equipment  is  installed.  This  cabinet  conforms  in  the  essential 
dimensions  to  that  of  the  switchboard  and  is  erected  as  a  part  of  the 


latter,  the  cabinets  being  bolted  together  in  such  a  way  as  to,  in  all 
appearances,  comprise  one  piece  of  apparatus.  The  protector  equip- 
ment furnished  usually  consists  of  the  Cook  type  L-8  or  AVestern 
Electric  type  81— B  heat  coils  and  carbon  arresters.  In  addition,  each 
cabinet  is  equipped  with  sufficient  line  strips  upon  which  to  terminate 
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the  incoming  outside  cable.  This  protector  equipment  will  be  de- 
scribed in  further  detail  in  another  paragraph.  The  circuit  of  these 
central  energy  visual  supervisory  switchboards  is  shown  in  figure  03, 


One  neg  lead  iorall  cords 


Q  P 

Binding  p  istsfi  <rtmns  cord 


CENTRAL  ENERGY  LINE  CIRCUIT 

Fig.  Oa. 

which  conforms  very  closely  to  commercial  types,  but  embodies  such 
features  as  are  required  for  military  i)urposes.  Each  cord  is  pro- 
vided with  a  two-coil  visual  supervisory  signal,  one  coil  on  each  side 
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or  conductor  of  the  cord,  and  a  ringing  and  listening  key.  An  exam- 
ination of  the  cord  circuit  will  show  that  the  supervisory  signal  also 
acts  as  a  necessary  impedance  for  the  cord  circuit.  The  signals  and 
Iheir  impedances  are  bridged  for  the  high  frequency  talking  current 
by  a  condenser  in  each  side  of  the  cord  circuit.  The  ringing  and  lis- 
tening key  is  of  the  usual  type,  by  which  the  operator  can  listen  on  the 
back  cord  by  throwing  the  cam  forward  toward  the  cords  or  ringing 
on  the  front  cord  by  throwing  the  cam  toward  himself.  The  connec- 
tions are  made  in  the  usual  way  by  answering  with  the  back  cord,  the 
operator  listening  in  by  throAving  his  key  cam  and  obtaining  the  num- 
ber of  the  party  desired,  then  plugging  into  the  desired  line  jack  with 
his  front  cord  and  ringing  on  this  line  by  pulling  the  cam  toward  him. 

Iri  addition  to  the  hand  generator  provision  is  made  for  the  use 
of  a  ringing  power,  and  a  key  is  located  on  the  right  side  of  the  key- 
board for  throwing  the  ringing  key  bus-bars  from  the  hand  generator 
to  this  ringing  power.  This  arrangement  is  shown  on  the  circuit 
diagram.  A  pilot  lamp  is  installed  below  the  line  jacks  and  is  so 
wired  that  all  incoming  local  calls  actuate  the  relay  so  that  the  lamp 
lights  until  the  call  is  answered.  A  night  bell  is  associated  with  this 
pilot  lamp,  which  can  be  thrown  in  and  rings  with  every  incoming 
call  until  answered. 

This  switchboard  will  operate  at  either  24  or  30  volts,  but  when 
installed  at  interior  posts  a  24-volt  storage  battery  is  provided  for  its 
oiDeration. 

At  coast-artillery  posts  where  a  30-volt  storage  battery  is  installed 
for  the  fire-control  telephone  system  this  battery  is  used  for  the  oper- 
ation of  the  i^ost  telephone  system. 

A  200-line  switchboard  of  this  type  usually  has  an  iron  protector 
frame  provided,  called  the  main  frame,  on  which  are  mounted  the 
heat  coils  and  lightning  arresters  (fig.  109)  and  line  terminals  for 
the  outside  cables.  These  are  connected  to  the  switchboard  on  ex- 
actly the  same  principles  as  when  installed  in  the  arrester  terminal 
cabinet,  but  owing  to  the  size  of  the  iron  frame  necessary  to  provide 
for  an  increased  amount  of  equipment,  it  is  erected  apart  from  the 
switchboard,  usually  close  by,  in  a  position  where  it  will  not  interfere 
with  the  operation  or  enlargement  of  the  switchboard,  and  so  as  to 
meet  all  the  other  local  requirements.  An  illustration  of  this  type 
of  installation  is  shown  in  figure  04. 

CENTRAL   ENERGY   LAMP    SUPERVISORY   SWITCHBOARD. 

As  stated  previously,  this  type  of  switchboard  varies  from  the  one 
just  described  principally  in  the  fact  that  lamp  supervisory  signals 
are  provided  for  each  cord.  Another  distinctive  feature  is  that  the 
line  jacks  are  located  immediately  under  the  line  signal 5  with  which 
they  are  associated:  the  latter,  however,  being  more  a  detail  of  me- 
chanical construction  than  of  the  circuit,  the  signal  and  jack  being 
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one  removable  unit.      These  switchboards  are  wired  to  operate  nor- 
mally at  24  volts,  but  can  be  used  on  a  30-volt  system  by  changing 


Fig.  04. — Main  distributing  or  cross-connecting  frame,  Presidio  of  San  Francisco. 

the  lamp  equipment  to  meet  that  voltage.     The  circuit  of  this  switch- 
board is  shown  in  fi<>'ure  95, 


ELECTRICAL   INSTRUMENTS    U.    S.    SIGNAL  CORPS. 


153 
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In  the  switchboard  shown  the  line  signals  are  of  a  type  which  will 
operate  either  on  the  magneto  or  central  energy  circuits,  so  that 
provision  for  the  two  kinds  of  telephone  connections  is  made  in  the 
line  jacks  and  the  circuits  to  the  signals.  All  the  line  signals  are 
restored  meclianically  to  their  original  position  by  the  insertion  of 
the  plug  in  their  associated  jack.  The  lamp  supervisory  signals  are 
installed  on  the  keyboard  Ijet^een  the  cords  and  the  keys.  By  refer- 
ence to  the  circuit,  it  will  be  seen  that  in  addition  to  the  provisions 
made  in  the  cord  circuit  of  the  visual  supervisory  signal  switchboard, 
this  switchboard  is  also  provided  with  means  for  ringing  on  the  back 
or  answering  cord.  Practically  the  same  provisions  are  made  in  this 
type  of  switchboard  as  to  ringing  equipment,  operator's  set,  pilot 
lamp,  test  circuit,  protective  apparatus,  etc.,  as  are  made  in  the  visual 
supervisory  switchboard.  Other  details  of  the  switchboards  will  be 
taken  up  in  this  chapter  in  the  directions  for  installing. 

TRUNKS  TO  COMMERCIAL  EXCHANGES. 

The  magneto  line  drops  provided  on  the  central  energy  switchboards 
can  be  used  for  incoming  trunks  from  conunercial  exchanges.  It  is 
the  usual  condition  that  these  lines  are  of  considerable  length  mak- 
ing a  magneto  drop  desirable.  AATiere  this  connection  is  to  a  magneto 
exchange  no  change  in  the  standard  circuits  is  required.  Where  the 
connection  is  made  to  a  central  energy  commercial  exchange,  it  will 
be  necessary  to  change  the  magneto  line  circuits  of  the  Signal  Corps 
switchboard.  The  necessary  alteration  in  the  line  jack  and  the  addi- 
tion of  the  bridging  impedance  coil  should  be  made  in  the  factory 
when  the  switchboard  is  built. 

These  alterations  should  be  made  at  the  time  the  board  is  manu- 
factured, and  it  should  be  stated  in  the  requisitions  if  it  is  desired 
that  any  of  these  trunks  be  equipped  for  central  energy  commercial 
trunks. 

MAGNETO    SWITCHBOARDS. 

Magneto  switchboards  are  usually  provided  for  small  installations 
installed  under  (leneral  Orders  No.  97,  AVar  Department.  IDOG.  These 
exchanges  can  consist  of  a  minimum  of  twelve  telephones,  and 
for  siuii)licity  of  operation  and  maintenance  a  magneto  system  is 
advisable. 

For  these  small  installations,  the  Signal  Corps  has  applied  a  15-drop 
switchboard,  known  as  the  post  telephone  switchboard.  This  equip- 
ment is  shown  in  figures  90  and  97.  These  switchboards  were  made 
by  the  Sterling  Electric  Company  under  Signal  Corps  specifications. 

This  switchboard  operates  on  local  battery  circuit.  It  consists  of 
a  neat  oak  cabinet  accommodating  15  combined  drops  and  jacks, 
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5  pairs  of  cords  with  clearing-out  drops,  and  5  grouping  jacks.     The 
operator  is  provided  with  a  single  head  receiver,  and  the  switchboard 


fJi(fhf  Bellsnifch 
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nicke,  piaf^d.     ri    ^^^  4_. 

air  i 


f  Binding  Fhsis  for  injnsm'i Iter 


FRONT  VIEW 


VERTICAL  SECTION 


Fig.  06. 


has  an  adjustable  operator's  transmitter  with  the  usual  night-bell 
circuit. 
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An  arrester  cabinet  providing  for  an  ultimate  installation  of  20 
Mason  or  similar  lightning  arresters  with  fnses  accompanies  this 
switchboard,  snfficient  cable  being  provided  to  reach  from  the  usual 
location  of  the  switchboard  to  the  arrester  cabinet  usualh^  installed 
on  the  wall  at  the  rear  of  the  switchboard.  Lock-nut  terminals  are 
l^lainly   marked :    the    cross   connecting  is   done   in    the   rear   of  the 


Mason  or'-eskr 
I Q    O^ 

S'rjpfor 
gnyjndid  lines 
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Jack 


Tms&l  cord  to  receiver 


Cords  should  connect  in  fasteners  bp  to  bp  and  sleeve  to  sleeve, 
ground  lines  coming  in  on  long  orbp  springs  of  jacks 

Fifi.  97. — Circuit  of  a  fiftoon-drop  magneto  switch  hoard. 

switclil)oard  between  the  terminals  of  the  line  signal  circuits  of  the 
incoming  cable.  The  operator's  circuit  is  supplied  with  4  gravity 
cells. 

The  circuit  is  as  follows  (fig.  i)7)  : 

The  calling  party  signals  central  by  a  magneto  call,  throwing  the 
line  drop.  The  o])erator  inserts  an  answering  plug  (opening  the  di'op 
circuit  and  at  the  same  time  automatically  restoring  drop  shutter) 
and  throws  key  into  talking  position. 
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The  connection  is  established  l)y  inserting  the  calling  plug  into 
desired  line  jack.  The  conversation  completed,  the  usual  ring  oflF 
throws  the  clearing  out  drop,  signaling  the  operator  to  disconnect. 
All  instruments  operating  through  this  board  are  on  local  battery. 

Grouping  jacks  are  provided  to  connect  several  lines  together  at 
once  by  placing  answering  plug  in  line  jack  and  calling  plug  in 
grouping  jack. 

The  operator's  circuit  is  the  simple  induction  principle  used  in 
ordinary  telephones. 

The  drop  and  jack  supplied  with  this  switchboard  ai"e  similar  to 
the  drop  and  jack  suj^plied  Avith  the  fire-control  type  switchboard. 

The  plug  supplied  with  this  switchboard  is  similar  to  the  plug 
supplied  with  the  fire-control  type  switchboard. 

The  key  supplied  with  this  switchboard  conforms  to  the  key  sup- 
plied with  the  portable  telephone  switchboard  and  is  interchangeable 
with  it. 

These  boards  are  wired  for  15-line  drops  only,  and  it  is  not  prac- 
ticable to  increase  their  line  capacity  without  sending  them  to  some 
Signal  Corps  supply  depot.  It  is  not  probable  that  any  more  of  this 
type  of  board  will  be  issued. 

This  board  (Sterling)  should  have  four  cells  of  gravity  battery, 
size  C  by  8,  for  the  operator's  telephone,  as  this  telephone  has 
normally  a  closed  circuit,  and  therefore  dry  cells  or  any  other  type  of 
open-circuit  battery  should  not  be  used. 

SO-I.INE    MAGNETO    SWITCHBOARD. 

For  local-battery  telephone  systems  of  more  than  15  and  not  ex- 
ceeding 50  lines,  the  Signal  Corps  has  purchased  a  number  of  local- 
battery  magneto  switchboards.  These  boards  have  an  ultimate 
capacity  of  50  lines  and  are  so  wired.  They  are  supplied  to  posts 
Avitli  20,  30,  40,  or  50  drops  installed,  depending  upon  the  number  of 
telephone  lines  required.  In  this  board  the  operator's  telephone  is 
nominally  a  closed  circuit,  and  four  cells  of  gravity  battery,  G  by  8 
size,  should  be  used. 

Additional  drops  and  jacks  can  be  supplied  for  these  boards  and 
installed  with  facility  at  any  time,  to  increase  the  capacity  up  to  50 
lines,  as  the  necessary  wiring  is  already  complete. 

These  switchboards  were  purchased  from  the  Xorth  Electric  Com- 
pany and  are  a  stock  article  of  commercial  use.  Figures  98  and  99 
illustrate  the  appearance  and  circuit  of  this  equipment. 

It  has  a  golden-oak  cabinet  and  is  provided  with  hand  generator, 
5  pairs  of  cords  with  listening  and  double  ringing  keys,  bridged 
supervisory  magneto  drop  signals,  hand  generator  and  buzzer  which 
can  be  cut  into  the  ringing  as  desired  for  test.  tAvo  keys  for  these 
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various  ringing:  circuits,  and  ojx'rator's  transmitter  and  head  receiver 
complete. 

Figure  99  shows  the  circuit  of  this  switchboard.     It  will  be  seen 
that  tlie  line  signal  4Z>  is  bridged  across  the  line  jack  09  and  is  cut 

off  from  both  sides  of 
the  line  Avheii  the  plug 
is  inserted. 

The  cord  circuit  is 
the  usual  circuit  "vvith 
bridge  d  supervisory 
signal  No.  iE^  Avliich  is 
rung  down  by  the  sta- 
tions connected  for  call 
when  they  ring  off  at 
end  of  the  conversation. 
The  red  keys  on  tlie 
left-hand  side  of  tlio 
k  e  y  b  o  a  r  d  are  those 
shov>n  in  the  ringing 
circuit  (Xo.  9-t  key). 
By  throwing  the  key  it 
is  possible  to  cut  the 
Xo.  102  buzzer  in  series 
with  the  ringing  cir- 
cuit. This  is  desirable 
Avhen  a  line  indicates  a 
defective  condition. 
The  condition  of  tlv* 
line  in  regard  to  open 
or  short-circuited  wires 
will  be  indicated  by  the 
action  of  the  buzzer,  its 
loudness  l)eing  deter- 
niiued  by  the  resistance 
in  tlu"  line  for  a  uni- 
form rate  of  tui'ning 
of  the  hand  gcMierator. 
On  certain  of  the 
l)oards  llie  key  provided  for  switching  the  ringing  circuit  from  power 
to  hand  generator,  and  vice  versa,  is  so  wired  that  it  is  necessary  when 
using  the  hand  generator  to  throAv  the  key  over  from  the  normal  posi- 
tion. Inasmuch  as  power-ringing  current  for  these  boards  is  seldom 
available  and  is  not  providech  this  key  should  be  rewired  so  that  tlie 
hand  generator  is  connected  directly  into  the  ringing  circuit  while  tlie 
kev  is  in  its  normal  position.     This  may  be  accomplished  by  permu- 
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nently  connecting  together  the  outside  normal  contacts,  the  key  in 
question  being  designated  as  No.  94  in  the  cord  circuit  shown  in 
figure  99. 

If  power  current  should  be  available,  it  should  be  connected  to  the 
springs  marked  "  generator,  Nos.  1  and  2  "  on  the  terminal  board  of 
the  switchboard  and  the  key  circuit  retained  in  its  present  form. 
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3-4    Trans  ballery 
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'Two  No.  94  keys  with  red  handles  placed  on  leftside  of  key  board. 

Fir..  99. — Circuits  of  fifty-drop,  Nortli  Electric,  magneto  switctiboard. 

It  has  also  been  found  in  some  cases  that  the  generator  armatures 
of  these  switchboards  continue  to  revolve  after  a  call  has  been  made, 
thus  unscrewing  the  generator  handle  from  the  driving  shaft.  To 
avoid  this  a  high  resistance  will  be  provided  to  be  bridged  across  con- 
tacts Nos.  2  and  3  of  the  hand  generator  shown  on  the  circuits  referred 
to  above,  in  order  to  furnish  a  slight  load  for  the  generator  and  cause 
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the  armature  to  stop  as  soon  as  the  generator  handle  is  released.  A 
refpiisition  should  be  made  for  these  resistances  wherever  their  use  is 
considered  to  be  of  advantage. 


OBSOLETE    TYPES    OF    SWITCnBOARDS. 


To  cover  those  types  of  switchboard  now  in  more  or  less  extended 
use, but  no  longer  supplied,  there  are  retained  descriptions  of  the  wall- 
cabinet  type  of  10  and  20  line  boards,  and  of  the  cordless  switch- 
boards, models  of  1001  and  1002. 


WALL-CABINET    SWITCnHOARD. 

The  wall-cabinet  switchboard  is  designed  for  small  exchanges, 
from  20  to  -10  lines,  Avhere  it  is  desired  to  save  space. 

The  working  parts  are  mounted  on  a  hard-rubber  panel  in  the 
front  of  the  box,  which  is  fastened  with  strong  hinges  to  the  back- 
board. In  the  20-drop  board,  figures  100  and  101,  three  pairs  of 
plugs  and  cords  are  used,  and  in  the  40-drop  board  six.  The  jacks 
are  located  immediately  below  the  drops.  The  upper  row  of  keys 
serve  as  listening  keys  for  the  pair  of  cords  below  them,  while  the 
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ringing  Iveys  are  located  just  below  the  listening  keys,  each  one  above 
its  own  cord.  A  microtelephone  is  used  for  the  operator's  set,  and 
the  drops  are  supplied  with  a  night-bell  circuit.  The  wiring  of  this 
board  is  shown  in  figure  101. 
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Fiu.  101. — Ciretiit  of  wall  cabinet  switchboard. 


CORDLESS    BOARDS. 


190%  model. — A  front  view  and  section  of  this  model  is  shown  in 
figure  102«.  This  board  has  neither  jacks  nor  cords.  The  working- 
parts  are  contained  in  a  strong  wooden  case,  ^1,  the  front  and  back 
being  closed  by  strongly  hinged  doors,  B  and  C.  A  partition,  E,  is 
inserted  in  the  front  of  the  box,  in  the  upper  part  of  which  is  the 
hard-rubber  panel  F.  This  hard-rubber  panel  contains  10  line 
drops,  G. 
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Immediately  below  this  line  of  drops  are  inserted  tAvo  metal  strips. 
//  and  /,  that  contain  the  keys  for  rinfjingf  and  makins:  the  necessary 
connections  betAveen  the  line  circuits.  Behm'  the  panel  is  inserted  a 
small  strip,  A',  holding-  three  listening  keys,  and  below  this  is  the  key. 
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L.  that  closes  the  night  battery  circuit.  The  magneto  M,  dry  battery 
y,  and  induction  coil  O  are  securely  fastened  in  the  box  behind  the 
partition  A\  In  a  reccvss  in  the  bottom  of  the  box  is  the  combined 
receiver  and  transmitter  P.     On  the  top  is  a  row  of  binding  posts. 
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Q,  Avhich  serve  as  the  line  terminals,  and  are  protected  by  a  hinged 
cover  li.  The  box  is  carried  by 'the  strap  S,  which  passes  over  the 
top  and  is  fastened  to  the  sides.  The  line  drops  G  are  brid^red  across 
the  leads  connectino-  the  binding  posts  Q  Avith  the  line  of  keys  //. 
The  keys  in  the  rows  II  and  /  are  normally  in  a  liorizontal  position, 
but  can  be  turned  either  up  or  down.  When  the  keys  in  the  row  // 
are  turned  up  they  serve  as  ringing  keys  for  the  lines  immediately 
above  them.  When  any  two  keys  of  the  row  II  are  turned  down  they 
cross  connect  their  corresponding  lines.  The  keys  in  the  row  /  when 
turned  up  or  down  cross  connect  the  lines  corresponding  to  them. 
The  keys  in  the  row  //  are  combined  rinaing  and  cross-connecting 


keys  and  the  keys  in  the  row  /  are  cross-connecting  keys.  The  left- 
hand  key  of  the  row  A'  serves  as  a  listening  key  for  the  lines  cross  con- 
nected by  the  down  position  of  the  keys  in  row  //,  the  middle  for  the 
up  position  in  the  row  /  and  the  right-hand  one  for  the  down  position 
of  /.  The  key  L  serves  to  put  the  night -bell  circuit  on  the  drops.  As 
there  are  practically^  three  rows  of  cross-connecting  keys,  six  of  the  ten 
circuits  can  be  used  simultaneously.  To  illustrate  how  the  board  is 
operated  :  When  an  incoming  ring  releases  the  shutter  of  its  drop  (if 
the  roAv  //  is  used)  the  corresponding  key  in  that  roAv  is  first  turned 
down  and  then  the  left-hand  listening  key  is  turned  down.  When  the 
station  Avhich  the  calling  station  desires  to  communicate  with  is  ascer- 
tained, the  key  in  the  row  77  corresponding  to  the  desired  line  is  turned 
up  and  the  generator  revolved.     This  will  then  call  the  line  desired.    As 
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soon  as  the  call  is  nuule  tlie  key  is  then  turned  down  and  the  two  lines 
are  cross  connected.  As  there  is  no  clearina'-out  drop,  when  a  con- 
versation is  finished  the  ring-  oii'  will  throw  both  drops,  when  the 
connecting  keys  are  then  returned  to  their  normal  j^osition.  T'siniji: 
the  row  /,  any  two  lines  are  cross  connected  by  turnino-  their  corre- 
sponding keys  in  the  same  direction,  remembering  that  the  middle 
listening  key  corresponds  to  the  up  position  and  the  right-haiul  one  to 
the  down  position  in  /.  The  combined  ringing  and  listening  key.  //. 
is  shown  in  section  and  plan  in  figure  lO'lh. 

A  cross-connecting  key  of  the  row  /  is  shown  in  plan  and  section 
in  figure  102h,  and  is  of  the  same  general  type  as  the  preceding  key, 
with  the  exception  that  it  has  eight  instead  of  ten  springs.  These 
springs  are  suj^plied  with   platinum  contacts  that  are  all   normally 


open.  The  springs  c  of  each  key  in  figure  10'2b  are  connected  to  both  f 
and  (/  and  r'  with  /'  and  ff'. 

The  construction  of  the  listening  key  A'  is  i:)lainly  indicated.  The 
first  cross-connecting  strip  is  connected  with  the  springs  k  and  /.•'  of 
the  left-hand  listening  key,  the  second  cross-connecting  row  to  similar 
springs  of  the  middle  listening  key,  and  the  third  cross-connecting 
row  to  the  corresponding  springs  in  the  right-hand  listening  ke}'. 
The  receiver  circuit  is  bridged  across  the  springs  I  and  /',  and  the 
battery  circuit  across  the  s[)rings  m  and  n.  When  the  lever  or  the 
listening  key  is  in  the  normal  position  all  the  contacts  are  open.  The 
wiring  of  the  board  is  on  same  principle  that  is  used  in  figure  10-t. 
explained  in  following  paragra])h. 

J901  model. — The  1901  model  is  shown  in  figure  lOli.  and  is  of  the 
same  eeneral  construction  as  the  one  above  described,  the  difference 
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coiisistinii'  in  the  rows  of  ringing  and  cross-connectig  keys.  There 
are  four  rows  of  keys,  the  upper  row  being  the  ringing  keys  and  the 
other  three  rows  cross-connecting  keys.  The  method  of  operation  of 
the  board  is  siniihir  to  that  of  the  1902  niodeL  the  only  ditference 
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QP 


QP 


ao 


Fii;.  104— riiciiits  (,f  coi-flloss  switohhoard.  model  1001. 

being  in  the  fact  that  the  first  row  of  keys  in  tlie  1002  model  corre- 
sponds to  the  two  upper  rows  in  the  1901  model  and  the  second  row 
in  the  1902  model  to  the  third  and  fourth  rows  in  the  1901  model. 
The  circuits  are  indicated  in  figure  101. 
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INSTALLATION    OI'    TELEPHONE    SWITCHBOARDS. 

Care  should  l)e  taken  in  unpacking  switchboard  ajiparatus  so  that 
the  aj^paratus  will  not  be  injured.  Different  manufacturers  use 
various  methods  of  packiii":  material  so  it  will  not  be  injured  in 
transit.  Different  braces  will  be  found  in  the  i)acking'  of  the  appa- 
ratus, which  must  be  removed  as  the  material  is  taken  out.  If  the 
apparatus  is  found  to  be  in  an  injured  condition,  note  should  be  taken 
innnediately  of  this  fact  and  witnesses  called  in  for  verification,  and 
a  report  made  inmiediately  so  that  proper  action  may  be  taken. 

The  cord  weights  are  usually  tied  up  and  fastened.  Relays  which 
have  metal  covers  are  usually  filled  with  paper  so  that  the  lehiy  will 
not  be  injured  by  shaking.  The  apparatus  should  be  given  a  thor- 
ough cleaning  and  cleared  with  a  bellows.  Care  should  be  taken 
that  none  of  the  extra  parts  is  thrown  away  with  the  excelsior  and 
other  packing  materials.  All  fuses  should  be  tested  and  care  taken 
with  the  remainder  of  the  apparatus. 

Bluejjrints  and  instructions  usually  accompany  each  switchboard, 
and  these  should  he  followed  in  the  erection  of  the  material. 

Telephone  switchboards  for  post  systems  are  usually  installed  in 
the  adjutant's  office,  as  stated  in  General  Orders,  Xo.  170,  War  De- 
partment, 1D08,  or  in  some  room  of  the  headquarters  building.  In 
selecting  the  location  consideration  should  be  given  the  following 
requirements  of  good  telephone  service:  The  room  selected  should  be 
quiet  and  free  from  intruders,  so  that  the  operator's  attention  may 
not  be  diverted  from  his  duties.  Sleeping  quarters  for  the  operators 
are  also  desirable  if  all-night  service  is  contemplated.  The  necessity 
of  running  the  lead-covered  cables  from  the  switchboard  room  to  the 
outside  circuits  should  also  be  remembered,  as  the  protector  equipment 
must  always  be  located  in  the  same  room  with  the  switchboard. 

The  switchboard  should  be  located  so  that  the  light  falls  on  the 
front  of  the  board  and  so  that  the  operator  is  not  compelled  to  face 
a  strong  light.  The  back  of  the  boards  that  are  not  built  for  installa- 
tion on  the  wall  and  hinged  to  swing  out  for  inspection  should  never 
be  nearer  than  2  feet  to  the  Avail  so  that  the  wiring  is  always  accessible 
for  ins[)ection. 

Magneto  switchboards  are  not  provided  with  the  switchboard  line 
cables  connected,  and  requisitions  should  specify  the  length  of  cable 
required  to  reach  the  protector  cabinet,  which  is  usually  installed  on 
the  wall  near  the  switchboard  and  in  sight  of  the  operator.  The 
line  cable  should  be  neatly  formed  as  directed  in  a  later  paragraph 
and  carefully  soldered  to  the  line  terminals,  care  being  taken  to  make 
well  tinned  joints,  as  often  the  resin  deposited  when  soldering  is 
mistaken  for  solder,  and  also  that  corresponding  wires  of  the  line 
cable  pairs  are  connected  to  similar  sides  of  the  switchboard  lines. 
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In  connect  in*:;-  the  line  ('al)les  to  tlie  protector  cabinet  the  method 
adopted  must  be  such  that  there  will  be  no  likelihood  of  the  cable 
becoming-  wet  Avhen  the  floor  is  scrubbed  or  in  an}^  other  wa3^  For 
this  reason,  if  the  cable  is  run  under  the  floor,  provision  should  be 
made  for  this  contingency,  as  the  line  cables  usually  provided  and 
adopted  for  this  work  have  no  ])articular  moisture-resisting  properties, 
erties. 

The  outside  line  cables  should  be  potheaded  above  the  floor,  the 
wiped  jijint  resting  on  the  floor  and  taking  up  any  strain  that  might 
otherwise  be  upon  the  connections  in  the  terminal  or  protector 
cabinet.  For  nuigneto  switchboards  Avhicli  have  sei)arate  protector 
cabinets  installed  on  the  wall  and  apart  from  the  switchboard  proper, 
the  top  of  the  pothead  sleeve  should  terminate  just  inside  the  bottom 
<»f  the  cabinet  and  pothead  should  be  clamped  securely  to  blocks  on 
Avail  and  protected   from  injur3^ 

Inside  the  cabinet  the  wires  should  be  formed  and  laced  and  per- 
manently held  in  place  by  small  leather  straps  so  that  the  work  is 
permanent  in  every  way. 

All  telephone  switch- 
boards should  be  installed 
in  a  permanent  manner  and     w«,.,^fj^,w^,vr^^       cxasiissxa^z^^^-^rrr^rrv^^rr^^ 

the    scheme    of    wiring    fob  /V'mi,.u.,-}:..     .-.    ->•<«<„-<, ■■i 

lowed   which   will   minimi/A' 

the  trouble  and  maintenance  _ 

WOrK.  ^^^iRRESTER  StKF 

The  telephone  switchboard 

1  111  1111  Fig.    10.">((. 

slioiud   alwaj's   be    bolted   to 

the  floor  so  that  it  will  be  held  permanently  in  its  position  and  also 

because  the  boards  are  usually  top-heavy  and  not   intended  to  stand 

unsupported. 

The  necessary  cord,  magiieto,  line,  and  bus-bar  condensers  are 
installed  at  the  rear  of  the  central  energy  switchboards.  A  diagram 
is  provided  with  the  ditferent  boards  for  the  arrangement  of  this 
apparatus.  P'orms  should  be  made  for  these  connections  allowing 
as  much  slack  as  possible  for  emergencies. 

In  wiring  through  the  floors  porcelain  tubes  of  ample  size  should 
be  made  use  of.  and  great  care  should  be  taken  in  all  the  cabling  that 
no  damage  may  result  to  the  installation  from  carelessness  on  the 
])art  of  the  occupants  (d"  the  building  in  which  the  board  is  installed. 

AVhere  cable  forms  arc  i'e(iuired,  and  particularly  at  the  ends  of 
the  cable  which  is  to  be  used  to  connect  the  line  wires  to  the  arrester 
stiips,  cable  forms  shoidd  be  made  up  as  follows: 

After  the  cable  is  laid  in  its  permanent  position  its  free  ends  shall 
l)e  laid  parallel  to  terminals  to  which  it  is  to  be  attached.  The  end 
of  the  cable  should  extend  a  distance  X  (fig.  lOoc^   beyond  the  toji 
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clip  of  the  stri}).  At  the  bottom  of  the  strip  u  butt  mark  should 
be  made  about  an  inch  beh)w  the  h)wermost  clip,  to  Avhich  this  cable 
is  to  be  attached. 

The  outer  covei'ini::  of  the  cables  should  then  l)e  removed  from  the 
butt  mark,  so  as  to  expose  the  twisted  pairs.  This  is  accomplished 
by  the  use  of  a  sharj:)  knife,  beinir  careful  not  to  cut  the  insulation 
of  the  wires.     The  knife  should  lie  held  in  a  slantin<r  direction  to  the 

cross  section  of  the 
cable  in  this  opera- 
tion. In  cutting  the 
c  a  b  1  e  around  the 
butt  mark,  so  as  to 
lea\"e  a  clean  end, 
care  should  be  taken 
not  to  cut  the  insu- 
lution  or  damage 
the  wires.  All 
binding  strips  should  be  removed  from  the  cable  with  the  sheath. 

A  strip  of  tape  one-half  of  an  inch  in  width  should  now  be  bound 
tightly  around  the  exposed  edges  of  the  cable  covering.  The  opera- 
tion of  binding  the  cable  at  this  point  is  known  as  ''butting"  anil 
should   ])ro- 

LOCt\  MITCH 
.CA&Lt  CLAMP 


ceed  as  shown 
in  figure 
i.or>/>.    T  h  e 

taiie  is  tirst 
looped,  and 
then  its  long- 
end  is  wound 
a  r  o  u  n  d  the 
cable  four  or 
five  times  and 
t  h  r  e  a  d  c  d 
through    the 

looj^  which  was  first  foruKMl.  T\\q  end  .1  is  then  drawn  under  the 
turns  by  ])ulling  the  end  //  and  closing  the  loop.  Next,  the  loose 
ends  are  cut  away  and  a  coating  of  shellac  is  applied,  completing  the 
butt.  The  exposed  twisted  pairs  of  the  standard  switchboard  cable 
should  now  be  put  in  boiling  yellow  beeswax  up  to  the  butt  until  all 
the  bubbles  disapjiear  froui  tiic  licjuid.  The  purpose  of  this  Avax  is 
to  expel  all  moisture  and  imi)r<)\  e  the  insulation  of  the  wires,  and  also 
to  prevent  the  braid  loosening  up  while  the  form  is  being  completed. 
All  surplus  wax  should  be  gently  beaten  from  the  cable  with  a  stick 
when  it  is  removed  from  the  boiling  pnu. 
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The  cable  is  now  clamped  at  the  butt  to  the  board,  as  shown  in 
fionre  105r,  and  each  pair  of  wdres  is  selected  in  numerical  order, 
according  to  the  color  code,  dyed  in  the  insulation  of  the  conductor, 
and  drawn  into  place  and  fastened  around  each  successive  nail.  The 
leno-th  of  wire  allowed  between  the  stem  of  the  cal)le  and  the  nails  is 
alwaj'^s  in  excess 
of  that  necessary 
to  reach  the  clips 
that  must  be  con- 
nected. A  spare 
pair  of  wires  is 
left  projecting  at 
the  end  of  the 
cable,  so  that  it 
may  be  used  in 
case  any  one  of 
the  regular  pairs 
becomes  defective. 
The  formed  part 
of  the  cable  is 
sewed  up  with  a 
stout  Avaxed  linen 
tAvine  by  the  aid 
of  a  4-inch  packer's  needle,  which  facilitates  the  passing  of  the 
tw^ine  under  the  bunches  of  wire.  The  line  S  L  indicates  the  length 
of  wire  needed  to  comiect  the  cable  in  position. 

This  needle,  with  the 
method  of  threading  it,  is 
shown  in  figure  105c/.  Be- 
fore sewing  up,  three  turns 
of  twine  should  be  taken 
next  to  the  butt,  drawn  up 
taut,  and  tied  with  the 
knot  shown,  in  which  a  is 
the  needle  end  of  the  twine 
and  h  the  short  end.  All 
line  wnres  are  bound  to- 
gether from  this  point  to  the  end  of  the  twine  with  Avhat  is  called  a 
lock  stitch,  shown  in  figure  lOod. 

A  stitch  is  taken  at  each  nail,  and  if  the  space  between  is  over  1 
inch  an  extra  stitch  should  be  taken.  In  making  the  stitch  the  needle 
is  passed  under  the  Avires  and  through  a  loop,  as  shoAvn  in  figure 
105^,  being  careful  not  to  include  in  the  loop  the  stitched  part.  The 
loop  should  hold  without  fastenino;  after  the  strino-  is  removed  from 


PACKERS  mVdlt 
Fig.   lOod. 


Fig.   105f. 


170 


ELECTRICAL    INSTRUMKNTS    U.    S.    SIGNAL   CORPS. 


ihe  needle  end  of  the  cord.  The  last  stitch  is  reenforced  l)v  a  knot,  -y. 
after  which  it  is  preferabk'  to  take  another  stitch  and  knot  //  around 
the  spare  wires  and  the  other  side  of  the  last  reg'ular  pair. 

Before  taking-  the  cable  from  the  foiMuina'  l)oar(l  (he  ends  of  the 
nails  shonld  be  cnt  otf  even  with  the  wires  and  the  insidation  removed 
from  the  ends  of  each,  usina'  the  line  S  L  as  a  o-nide. 

The  skinniiiii'  should  be  done  with  a  shar[)  knife,  drawin""  it  from 
the  line  ;S  /.  toward  the  end  of  the  wire,  at  the  same  time  pnllin<>-  oti' 
the  coveriiiii'.  which  will  slip  oti'  as  soon  as  the  threads  are  severed, 
(jreat  care  must  be  taken  not  to  nick  the  wire,  as  it  would  then  be 
liable  to  break  at  this  point  npon  beinij;  moved  or  handled. 

The  ti])s  should  now  be  shellacked  liohtly  and  allowed  to  diy. 
This  prevents  unravelino-  of  insulation  when  -oldering. 

Tf  the  Avii-es  are  to  be  soldered  to  the  terminal  clips,  their  bare  ends 
should  be  threaded,  through  the  holes  in  the  clips,  up  to  the  insula- 
tion and  bent  back.  If  no  holes  are  provided,  they  shoidd  be  wound 
close  around  the  notched  portion  of  the  cli]).  Care  nuist  be  taken 
to  get  the  insidation  out  of  the  notch  in  the  clip  or  the  hole.  Oidy 
resin  soldei'  should  be  used  in  makina"  soldered  joints.  After  solder- 
ing, the  free  end  of  the  wire  should  be  cut  off  close  to  the  cli])  and  each 
joint  tested. 

The  cable  shouhl  now  be  strajipeil  in  ])lace  with  leather  saddles. 
"When  the  foi-ms  are  in>talled  they  may  be  finished  with  a  coat  of 
white  shellac,  which  kee]is  the  dust  and  dirt  from  sticking  to  the  Avires 
which  have  been  boiled. 

A  standard  signal  corps  switchboard  cable  is  provided  in  two  sizes, 
containing,  respectively.  '20  twisted  ])airs  with  1  spare  ]iair  and  1  odd 
wii-e.  and  40  twisted  paii's  with  '1  spai'e  pairs  and  1  odd  wire.  Twenty- 
pair  cable  is  ordinarily  used. 

In  connecting  this  cable  the  foUowing  arrangi'meiit  of  colors  should 
always  be  adhered  to.  Under  no  conditions  should  any  other  se- 
(juence  of  colors  be  followed,  as  this  arrangement  is  stanchird  and  is  a 
very  important  guide  to  the  operator  in  maintaining  this  system. 

The  code  i>  as  follows : 


For  the  20  pair: 

First  i>air Blue W 

Second  p;iir Orange \V 

Third  pair Green  W 

Fourtli  pair Brown W 

Fifth  pair 

Sixth  pair 

Seventh  i)air 

Eighth  pair BUie-fjreen 

Ninth  pair Bine-brown 


Slate W 

Blue-while W 

Blnc-oranije \V 

W 
W 


Tenth  pair. 


Blue-slate W 


KlevenUi  pair ( )range  while W 

Twelfth  pair ( 'range-prreen W 

Thirteenth  pair Oranire-hrown \V 

Fourteen  til  pair Oranpe-slate \V 

Fifteenth  pair Green-white W 

Sixteenth  pair Green-brown \V 

Seventeenth  pair Green-slati' \V 


hite. 
hite. 
hite. 
hite. 
hite. 
hite. 
hite. 
hite. 
hite. 
hite. 
lite. 
hite. 
hite. 
hite. 
hite. 
hite. 
liitc. 
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For  the  20-pair: 

Eigrhleenth  pair 

Xiiieteentli  pair 

Twentieth  pair 

For  the  40- pair: 

Twenty-first  pair 

Twenty-seeond  pair. . 

Twenty-tliirii  pair  . . . 

Twentv-I'our  pair 

Twenty-tifth  j.air  .... 

Twenty-sixth  pair  . . , 

Twenty-seventli  pair 

Twenty-eightli  pair.. 

Twenty-ninth  pair. . 

Tliirtietli  pair 

Tliirty-tirst  pair 

Thirty-second  pair. . . 

Tliirty-thinl  imir. . .. , 

Thirtv-foiirth  pair  . . . 

Thirt.v-fifthpair 

Thirty-sixth  i)air 

Tliirty-seventh  jiair.. 

Thirty-eiRhtli  pair . . 

Thirty-ninth  pair 

Fortieth  pair 


Brown-white 

White, 

Brown-slate 

White. 

Slate-white 

White. 

Blue 

Orange 

Red-white. 

Red- white. 

Slate  

Red- white. 

Bliie-wliite 

Red-white. 

Blue-orange 

Red-white. 

Blue-green 

Red-white. 

Blue- brown 

Red-white. 

Blue-slate 

Red-white. 

Orange-white 

Red-white. 

Orange-green 

Red-white. 

Orange  brown 

Red-white. 

Orange-slate 

Red-white. 

Green-white 

Red-white. 

Green-brown ...... 

Red- white. 

(ireen-slate 

Red-white. 

Brown- white 

Red-white. 

Brown-slate 

Red- white. 

Slate-white 

Red-white. 

For  the  central  energy  boards  of  from  50  to  100  line  capacity, 
20-pair  line  cables  for  connecting  from  the  switchboard  to  the 
arrester  or  protective  equipment  are  provided.  The  line  cables  are 
furnished  as  part  of  the  switchboard,  which  is  usually  received  with 
the.^e  cables  connected  to  the  terminal  strips  on  the  back  and  of  suffi- 
cient length  to  reach  into  the  protector  cabinet  Avhich  is  erected  next 
to  and  as  part  of  the  SAvitchboard.  The  code  scheme  given  is  fol- 
loAved  in  all  SAvitchboard  wiring,  but  it  will  be  impossible  to  make  up 
the  cable  for  the  protector  strip  on  a  temporary  form.  However,  this 
is  easily  met  as  follows: 

All  cables  are  butted,  as  described,  at  the  bottom  of  the  arrester 
strij).  after  cables  are  measured  oil'  for  their  permanent  position.  The 
Avires  are  then  boiled  in  beeswax,  as  instructed,  and  each  pair  brought 
through  the  forming  holes  of  the  protector  strij)  in  the  same  order  as 
their  connection  to  line  signals.  That  is,  the  No.  1  signal  is  con- 
nected to  the  No.  1  arrester,  then  AA'hen  all  Avires  are  in  place  the  cables 
are  laced  into  one  stem*  and  the  Avhole  shellacked  and  soldered  as 
in  the  first  case.  By  this  method  the  arrester  strip  itself  is  used 
as  the  form  for  lacing.  No  slack  is  alloAved  in  this  form,  care  be- 
ing taken  to  connect  all  AA'ires  correctly  the  first  time.  All  extra 
Avires  are  run  to  the  toj)  of  the  form  and  dead-ended.  For  200-line 
central  energy  SAA'itchboards  AA'hich  have  iron  frames  for  their  pro- 
tector and  outside  line  cable  terminal  equipment,  and  AA'hich  are 
erected  separate  from  board  and  some  distance  from  it,  according  to 
local  conditions,  no  line  cables  are  provided.  These  must  be  made 
up  locally  to  meet  the  conditions. 

Figures  94  and  106  show  an  installation  of  this  kind.  The  Avooden 
box  or  cable  chute  running  up  the  left  end  of  the  switchboard  carries 
the  line  cables  to  the  protector  frame,  Avhere  they  are  distributed  from 
the  top  to  the  protectors  on  the  vertical  strips. 
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'J'he  switchboard  will  be  supplied  with  one  or  more  spare  jack> 
and  drops.  One  of  these  jacks  should  be  used  for  the  purpose  of 
testing-  cords.  The  niaoneto  line  signals  should  be  disconnected  from 
the  spare  jack  and  a  cell  of  dry  battery  should  be  soldered  across  the 
line  terminals.  When  a  plug  is  installed  in  this  jack  and  the  cord  is 
shaken,  a  cut-out  Avill  be  detected  by  a  rasping  noise  in  the  receiver 
of  the  operator. 

The  generator  call  drops  should  be  adjusted  so  as  to  fall  readily 
on  about  five  cells  of  dry  battery. 

When  the  switchboard  is  completely  installed,  and  before  it  is  cut 
over  to  the  working  lines,  care  should  be  taken  to  test  for  cross  talk 
and  incorrect  connections  in  the  circuit  from  the  heat-coil  terminals 
to  the  line  jacks.  Under  no  conditions  should  the  switchboard  be  put 
into  commission  when  any  cross  talk  is  noticeable.  It  will  be  found 
sometimes  that  the  key  contact  fails  to  break  on  the  operator's  listen- 
ing circuit  and  thus  crosses  the  lines  with  the  other  keys.  Dampness 
in  the  switchboard  may  also  cause  trouble  of  this  kind. 

All  power  connections  should  be  poled  alike. 

INSTALLATION  OF  PROTECTIVE  APPARATUS. 

It  is  the  practice  to  provide  protection  at  the  switchboard  room 
for  all  lines  entering  the  telephone  switchboard  even  though  none 
of  the  line  circuits  are  exposed  aerial  lines.  For  magneto  lines  Mason 
arresters,  or  similar  individual  pair  arresters  consisting  of  a  mica 
fuse  and  a  multi-discharge  lightning  arrester,  are  installed.  For 
central-energy  lines  heat  coils  and  lightning  arresters  are  provided. 

:\rAGNETO   SAVITCIIBOARD   PROTECTORS. 

Tlie  protection  for  magneto  switchboards  is  usually  installed  sepa- 
rate from  them;  in  most  cases  on  the  wall  near  by  and  within  sight  of 
the  operator.  A  cabinet  of  the  same  wood  and  finish  as  the  switch- 
board is  provided  for  the  installation  of  the  necessary  number  of 
Mason    arresters. 

The  connections  between  the  switchboard  and  the  protector  cabinet 
should  be  made  bv  means  of  20-pair  cable,  rubber  insulated,  with 
code  color  braid.  Over  the  entire  cable  is  a  waterproof  covering  for 
protection  and  insulation.  The  color  scheme  is  similar  to  that  given 
for  switchboard  installation  and  should  be  carefully  followed,  as 
stated  therein. 

The  foniis  for  both  the  switchboard  and  protector  ends  should  be 
carefully  laced,  each  wire  being  brought  out  at  its  particular  line 
spring  ()!•  arrester.  The  switchboard  end  should  be  carefully  soldered 
after  the  wire  is  passed  through  the  hole  and  wrapped  around  the 
spring.     The  forms  should  be  shellacked  when  completed,  but  never 
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boiled  in  hce.swax.  whicli  injures  ruhhcr  in^-iilntion.  Il  is  lie-t  lo  run 
tlie  line  cable  under  ibe  floor,  runninii-  down  tlirouii'h  the  bottom  of 
switchboard  and  coniiiii>-  u])  directly  under  the  i)oint  of  arrester 
cabinet  it  is  desired  to  enter,  protectiuii-  it  with  loricated  conduit  l)e- 
tweeii  the  floor  and  cabinet,  and  nndei'  the  flooi'  proxi'-ion  ^houhl  l>e 
made  to  protect  the  cable  frcun  moisture. 

The  outside  lines  shouM  always  be  brought  into  the  office  and 
cal)inet  in  cal)le.  even  though  tlie  length  of  cable  is  short.  If  over 
I'i  ])air  in  size  tliis  cable  will  necessarily  be  paper  insulated  with  lead 
sheiith,  and  shouhl  be  potheade(l  at  both  ends  to  terminate  the  con- 
ductors in  rubf)er  insulation.  The  methods  of  potheading  will  be 
described  in  another  chapter.  The  pothead  sleeve  should  be  carried 
into  the  i)rotector  cabinet  and  protected  by  loricated  conduit  l)etw<>en 
the  floor  and  cabinet.  Inside  the  cabinet  the  ])otliead  wii-es  should 
be  carefidly  laced  after  the  wires  are  brought  out  to  their  respective 
arresters. 

These  forms  should  be  thoroughly  shellacked  after  they  are  formed, 
laced,  and  tied  in  ]ilace. 

CENTRAr.  E\FJ{(;v  swrr(  iiijc )ARn   I'uorKcntns. 

The  })r-otective  apparatus  foi-  these  >witchl)oards  diflers  from  tliat 
])rovide(l  for  magneto  switchl)oards.  One  i)air  of  lightning  arresters 
and  heat  coils,  as  shown  in  figure  lOi).  are  provided  for  each  line. 
both  central  energy  and  magneto.  In  addition  a  strip  for  ter- 
minating the  outside  cable  pairs  is  provided  which  usually  exceeds 
the  arrester  pairs  by  ;^0  i)er  cent,  as  necessarily  more  outside  cable 
pairs  are  installed  than  Avill  l)e  actually  used  by  lines. 

These  arrester  and  line  strips  for  the  50  and  100  line  switchboanis 
are  installed  in  a  cabinet  such  as  is  shown  in  figiu'e  107.  and  in  the 
manner  illustrated.  However,  the  relative  position  of  the  strips  ean 
be  changed,  as  the  arrester  strip  should  always  be  nearest  to  the 
switchboard,  so  as  to  remove  the  necessity  of  running  the  line  cables 
from  the  switchboard  i)ast  the  outside  lead-covered  cal)les. 

The  cabinet  shown  is  erected  against  the  telei)hone  switchboard  and 
bolted  thereto  so  that  in  effect  they  comjirise  <Mie  cabinet  or  fixture. 
The  local  conditions  may  affect  their  relatiAC  i)ositions.  but  the  door 
of  the  protector  cabinet  can  I);*  hinged  on  either  -idc  and  the  -trij)s 
changed  inside  so  any  condition  can  be  uk^. 

The  two  cabinets  are  exactly  alike  in  finish  and  essential  dimen- 
sions and  l)uilt  to  be  erected  together. 

The  line  cables  from  the  50  and  100  line  switchboards  are  nsually 
connected  to  that  end  when  received,  and  sufficient  length  allowed  for 
connecting  to  the  arrester  strip  in  the  protector  cabinet,  to  which  they 
are  run  by  cutting  a  hole  in  the  bottom  of  the  partitions  ])etween  the 
two  cabinets  and  lacing  the  cables  too;ether. 
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The  line  cables  are  '"  butted  "  and  formed  as  described  in  this  chap- 
ter, the  color  code  being  follo^A'ed  carefully,  and  cori-esponding  num- 
bers on  the  arrester  strip  assigned  to  line  signals  of  same  number. 
The  magneto  drops  are  connected  immediately  below  the  central 
energy  lines,  allowing  for  full  capacity  of  the  switchboard.  The  full 
protector  equipment  is  furnished  in  the  protector  cabinet  for  each 
central  energy  switchboard. 


Fi(i.  1U7. — Swil! 


i  ii^(all;itiuii    (tcriiiiual  caluiii't  ou  ri;;ht). 


The  i20-pair  line  cables  are  boiled  in  beeswax  preferably,  or  paraffin 
if  necessary,  and  laced  u^d  into  one  form  and  strapped  securely  to  the 
l)ack  of  strip  on  which  arresters  are  mounted,  as  shown  in  figure  107. 
The  -wires  should  be  carefully  soldered  to  the  springs,  first  w^rapping 
the  wire  around  notch,  which  is  already  tinned. 

The  line  cable  provided  for  central  energy  switchboards  is  insu- 
lated with  two  silk  and  one  cotton  covering  and  has  no  particular 
moisture  resisting  qualities.     It  should   never  be   installed   under  a 
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floor  where  it  may  become  wet  from  scrubbing  or  l»y  any  otlnn-  means. 
It  will  retain  its  insulation  when  installed  in  a  thy  room,  but  it  is 
not  intended  for  exposure.  Neither  should  this  type  of  cable  be  used 
for  potheadino-  the  outside  line  cables. 

The  cables  to  the  outside  circuits  shoukl  be  brought  to  the  cabinet 
in  the  most  workuuuilike  way  that  Avill  meet  the  local  conditions. 
It  is  usually  possible  to  bring  them  into  the  switchboard  room  directly 
under  the  cabinet  by  running  in  walls  and  under  floors.  Whenever 
the  cables  are  exposed  in  the  headquarters  building  they  should  be 
protected  by  loricated  conduits.  In  terminal  cabinets  they  should  b,- 
potheaded  directly  under  the  line  terminal  strip  and  arranged  to  l)e 
strapped  to  the  horizontal  angle-iron  piece  holding  the  arrester  and 
line  terminal  strips.  It  may  be  nec^ssarj^  to  move  this  iron  toward 
the  front  of  the  cabinet,  or  provide  a  new  iron  strap,  as  the  space 
usually  left  between  the  iron  strip  furnished  and  the  removable  rear 
door  is  insufficient  to  get  in  the  cable.  The  potheads  and  Aviped 
splices  should  rest  directh'  on  the  floor  of  the  cabinet  and  thus  take 
lip  any  strain  that  may  be  on  the  cable. 

Rubber-covered  No.  11)  duplex  Avire  is  always  used  for  these  pot- 
heads,  and  where  several  cables  are  brought  in  they  are  laced  into 
one  form  on  the  back  of  the  line-terminal  stri])  to  which  they  are 
connected. 

Ivubber-insulatcd  wires  should  never  be  boiletl  in  beeswax  or  par- 
affin, but  the  forms  should  be  shellacked  after  they  are  laced  and 
soldered  in. 

The  potheads  should  be  carefully  aligned  when  installed  and  an 
effort  made  to  use  sleeves  of  the  same  length  and  diameter  so  that 
the  tops  will  be  level  when  they  are  completed. 

It  will  be  found  desirable  to  install  the  arrester  cabinet  on  the  right- 
hand  side  of  switchboard,  facing  it.  as  this  Avill  bring  the  cross-con- 
necting springs  for  interconnecting  the  switchboard  cables  terminat- 
ing on  the  lightning  ai'resters.  aiul  therefore  the  outside  line  cables, 
next  to  each  other.  simi)lifying  the  cross-connection  work. 

This  will  require  that  the  door  be  hinged  on  the  right  side,  but  this 
can  be  done  <|uickly  if  necessary.  An  illustration  of  this  type  is 
shown  in  flgure  107. 

Outside  line  cables  arc  brought  to  the  main  iron  frames  j)r()vi(led 
for  20()-line  boards  in  the  same  manner  used  for  smaller  switchboards. 

At  the  main  frame  the  cables  are  brought  through  the  flooi-  in  n 
position  depending  on  the  20-pair  line  blocks  to  which  they  are 
assigned. 

The  potheads  rest  on  the  floor  aiul  are  brought  iq)  alongside  the 
veitical  line  of  iron  braces  holding  the  line  blocks  to  which  the  cables 
are  connect(><l.     T1h>  cables  to  be  connected  to  the  top  line  terminals 


ELECTRICAL   INSTRUMENTS   U.    S.    SIGNAL  CORPS.  177 

will  naturally  be  brought  in  farthest  from  the  bottom  block.  The 
potheads  should^  preferably  bo  of  same  size  and  height  of  sleeve  and 
the  wires  carefully  laced  and  shellacked  when  formed  and  in  place. 
The  form  should  be  carried  straight  up  and  branched  to  the  blocks 
at  the  iron  braces,  to  which  thej^  should  be  neatly  fastened  by  tape. 

The  line  blocks  number  from  the  top  down  and  spare  blocks  should 
ordinarily  be  left  at  the  bottom.  A  cable  should  be  distributed  on  one 
vertical  row  of  line  terminal  blocks. 

THE  CENTRAL  ENERGY  STORAGE  BATTERY. 

As  indicated  by  its  name,  the  central  energy  telephone  installations 
obtain  all  the  battery  for  their  operation  from  one  common  or  central 
source  in  the  form  of  a  storage  battery.  It  is  therefore  one  of  the 
most  essential  features  of  the  system,  and  particular  care  must  be 
taken  in  its  erection  to  insure  reliability  of  service,  as  a  failure  of 
this  battery  renders  the  entire  system  inoperative. 

As  will  be  seen  from  an  examination  of  the  circuits  for  central 
energy  switchboards  all  circuits  center  in  the  batteries,  and  the  most 
important  feature  of  the  system  should  be  the  certainty  that  the  bus- 
bar leads  between  the  battery  and  switchboard  and  the  battery  have 
practically  no  resistance,  as  this  part  of  the  circuit  is  common  to  all 
talking  circuits,  and  will  be  the  source  of  cross  talk  if  the  resistance 
is  api^reciable. 

At  coast  artillery  posts  the  central  energy  will  be  obtained  from 
the  telephone  storage  batteries  installed  to  operate  the  fire-control 
telephones,  and  these  wdll  be  installed  in  accordance  with  the  in- 
structions in  Manual  No.  8.  These  batteries  vary  in  size  according 
to  the  extent  of  the  installation  and  operate  at  30  volts,  requiring  15 
cells,  usually  of  80  to  240  ampere  hour  capacity.  The  battery  leads 
from  the  fire-control  switchboard  rooms  are  usually  of  considerable 
length  so  that  cross  talk  would  result  if  arrangements  are  not  made 
to  meet  the  conditions. 

Several  pairs  of  wire  in  the  trunk  cable  are  used  for  the  feed  lines 
of  the  ])ost  telephone  system.  These  are  bridged  by  a  considerable 
capacity  in  the  form  of  a  foil  condenser  at  the  bus-bars  of  the  switch- 
board. These  condensers  afford  a  short  circuit  for  the  talking  current 
and  maintain  an  approximately  constant  E  M  F,  at  the  switchboard 
bus-bars.  Individual  condensers  in  each  cord  circuit  bridged  across 
the  supervisory  signals  also  reduce  the  tendency  to  cross  talk. 

At  posts  where  this  fire-control  battery  will  never  be  available  a 
separate  storage  battery  equipment  is  installed.    This  battery  should 
be  installed  as  near  the  telephone  switchboard  as  practicable,  consid- 
ering the  other  factors  that  must  be  met. 
60240°— 11 12 
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The  battery  required  for  a  post  system  seldom  exceeds  24-ampere 
hour  capacity:  this  permits  the  instalhition  of  the  two  plate  or 
"coupled"  type  of  cell  miuimizin<):  the  amount  of  space  necessary. 

To  insure  reliability,  a  dui)licate  battery  is  usually  installed. 

Batteries  of  these  small  sizes  are  more  easih'  charged  by  whatever 
direct  lighting  current  is  available  on  the  post. 

Typical  charging  panels  for  this  service  are  shown  in  the  storage 
battery  chapter. 

The  size  of  storage  battery  furnished  is  determined  not  only  by 
the  current  requirements,  but  also  by  the  necessity  of  providing  a 
battery  of  low  internal  resistance,  and  this  has  been  considered  in 
the  instructions  above.  For  central  energy  telephone  installations  at 
interior  posts  2-plate,  3-ampere  normal  discharge  rate  storage  bat- 
teries will  be  provided  hereafter.  Duplicate  sets  of  batteries  will  be 
installed  if  conditions  warrant. 

As  the  switchboard  should  be  installed  in  the  headquarters  build- 
ing, the  battery  should  also  be  erected  in  this  building,  and  as  prob- 
ably no  room  will  be  available  for  battery  purposes  only,  these 
batteries  should  be  installed  in  a  cabinet  of  the  type  shown  in  figure 
108.  This  should  be  installed  in  a  dry  location  and  provided  with 
a  suitable  vent  to  the  open  air  to  carry  away  the  acid  fumes. 

The  cabinet  should  be  painted  inside  with  some  black  acid-proof 
paint. 

The  charging  panel  should  be  installed  near  the  telephone  switch- 
board so  that  it  is  accessible  to  the  operator.  The  connections  be- 
tween the  panel  and  battery  cabinet  should  be  carefully  installed 
and  loricated  conduit  used  where  the  lead  cable  leads  are  exposed 
to  injury. 

An  o[)en  storage  battery  slioul<l  never  be  installed  in  the  same  room 
with  the  telephone  or  charging  panel  unless  inclosed  in  the  cabinet 
described  herein.  In  fact  an  open  battery  should  only  be  installed 
in  a  location  meeting  all  other  re(]uirements.  and  from  which  un- 
authorized persons  can  be  excluded. 

The  storage  batter}^  equipment  that  will  be  furnished  for  telephone 
installation  with  the  oO-line  switchboard  will  consist  of  two  sets 
of  3-ampere  normal  charge  rate  batteries.  Where  direct  current  of 
not  less  than  40  volts  and  not  more  than  '2'20  is  available,  these  cells 
will  be  charged  through  lami)s  by  means  of  the  charging  panel, 
figure  18,  shown  in  Chapter  II. 

Where  only  alternating  current  is  available  a  special  motor  gen- 
erator and  ])anel  will  be  provided.  The  motor  side  will  be  built  to 
meet  the  characteristics  of  the  i:)Ower  circuit,  and  to  that  end  a  requi- 
sition for  this  machine  should  always  state  the  voltage,  number  of 
phases,  and  frequency  of  the  alternating  power  current  available. 
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Figure  108  illustrates  an  ideal  installation  of  the  central  office 
ai)paratus  where  direct  current  is  available.  A  detail  drawing  of  the 
charging  j)anel  shown  is  given  in  figure  18,  chapter  TI. 

These  i^anels  are  intended  for  installation  at  about  18  inches  from 
the  wall,  as  indicated  on  the  figures.  The  leads  from  the  switch- 
jjoards  and  the  post  power  should  be  brought  up  from  the  floor  in 
loricated  conduit  fastened  to  the  wall,  e\en  with  the  bottom  of  the 
panel;  from  this  point  the  lead  sheath  is  removed  and  the  wires  are 
carried  over  to  the  connecting  lugs  on  the  rear  of  panel.  The 
exposed  parts  of  the  leads  should  be  painted  thoroughly  with  pre- 
servative i)aint.  If  the  storage  battery  cabinet  is  near  by  the  leads,  it 
can  be  carried  directly  co  it ;  but  if  any  considerable  distance  separates 
these  apparatus  their  battery  leads  should  be  lead  down  to  the  floor 
and  then  to  the  battery  cabinet  in  the  same  manner  as  to  the  panel. 


Fig.   100. — Switcliboaril  protcuiivc  apimratus.  heat  coils  anil  liirhtnins  arresters. 

As  stated  previously,  lead  covered  cable  should  be  used  for  the  leads, 
the  lead  sheath  being  cut  back  at  the  end  for  coiniections.  Where 
alternating-current  power  circuits  are  installed  care  must  be  taken 
to  install  both  wires  of  the  incoming  power  circuit  in  the  same 
loricated  iron  conduit. 

Instructions  for  installing  the  storage  battery  are  given  in  Chapter 
11.  Where  the  cells  are  installed  in  a  cabinet,  care  should  be  taken 
to  erect  the  cabinet  in  a  permanent  manner,  keeping  in  rear  the  weight 
to  erect  the  cabinet  in  a  permantMit  manner. 

AVhere  altei-nating  current  only  is  available,  necessitating  the  in- 
stallation of  a  motor  generator,  this  machine  should  if  possible  be 
installed  in  a  closet  nearby  or  in  some  place  easily  accessible  from  the 
switchboard  room.  However,  in  case  of  necessity  it  can  be  installed 
in  the  switchboard  room,  as  the  noise  when  in  operation  is  so  little 
that  it  will  not  inteifere  with  the  operator. 
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MAINTENANCE    OF    TELEPHONE    SWITCHBOARDS, 

The  first  essential  for  maintaining-  a  telephone  switchboard  is  a 
familiarity  with  the  circuits  and  the  functions  of  the  apparatus  com- 
prised in  them.  The  unlimited  variety  of  defects  and  faults  that  can 
develop  make  it  im2)ossible  to  take  up  in  detail  all  the  conditions 
that  will  have  to  be  met,  so  that  only  a  general  discussion  of  them 
will  be  attempted.  These  defects  may  be  divided  into  two  classes: 
Those  where  the  apparatus  fails  to  operate  or  perform  the  mechanical 
functions  they  are  designed  for  and  intended  to  meet,  aside  from  the 
transmission  of  speech ;  and,  second,  the  failure  to  transmit  speech 
at  all,  or  only  in  an  inefficient  manner.  However,  the  possible  causes 
for  either  condition  are  so  related  that  it  is  difficult  to  outline  specific 
methods  of  removing  any  case  of  trouble. 

The  first  principle  in  correcting-  trouble  in  any  electric  circuit  is  to 
localize  it.  In  a  telephone  switchboard,  trouble  in  any  circuit  should 
be  located  by  disconnecting  component  parts  of  the  circuit  after  tests 
have  been  made  at  each  step.  A  vacant  line  jack  from  which  the  line 
signal  has  been  disconnected  should  be  connected  to  one  or  two  dry 
cells  for  the  tests  of  cord  circuits  of  magneto  switchboard.  For  a 
central  energy  board,  the  jack  can  be  connected  to  a  Ioav  resistance. 
By  inserting  the  plug,  test  of  the  condition  of  a  cord  circuit  can  be 
made.  To  ascertain  if  the  cord  itself  is  in  trouble,  the  plug  should 
be  inserted  and  the  cord  moved  violently,  and  if  a  partial  short  circuit 
or  open  in  the  conductors  is  present  it  will  be  indicated  by  the  grating 
noise  in  the  operator's  receiver.  An  open  cord  is  indicated  by  the 
"  deadness ''  or  lack  or  resonance  in  the  operator's  receiver.  A  test 
of  the  generator  or  ringing  circuit  can  be  made  by  ringer  on  this 
line,  and  the  buzzer  provided  will  indicate  the  condition,  as  stated 
in  another  paragi^aph.  The  supervisory  signals  can  also  be  tested  in 
this  manner.  The  greatest  amount  of  trouble  in  telephone  switch- 
boards of  the  types  furnished  by  the  Signal  Corps  will  develop  in 
the  connecting  cords,  as  these  are  subjected  to  the  greatest  usage,  and 
most  liable  to  injury.  Next  to  the  cords,  the  ringing  and  listening 
keys  and  the  line  jacks  will  require  the  most  attention,  A  failure 
of  any  piece  of  apparatus  to  operate  mechanically  will  naturally 
require  an  examination  of  that  instrument  to  ascertain  its  mechanical 
condition  first.  However,  if  the  fault  lies  outside  the  apparatus,  an 
unusual  condition  of  the  circuit  is  causing  the  trouble,  and  to  locate 
it  will  require  a  detailed  test,  using  the  localizing  methods  recom- 
mended. Figures  93  and  95  show  the  cord  circuit  of  a  common  bat- 
tery telephone  switchboard  and  indicate  the  color  of  the  insulation 
on  each  conductor  of  each  circuit,  which  will  aid  in  the  work  of 
testing  the  circuits. 
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Another  source  of  trouble  iu  telephone  systems  is  what  is  known 
as  "  cross  talk."  As  its  name  indicates,  it  is  a  condition  where  the 
conversation  over  one  cord  circuit  is  heard  on  others  which  normally 
should  have  no  connection  with  it.  This  fault,  however,  should 
always  be  removed  when  the  switchboard  is  installed,  and  the  de- 
velopment of  cross  talk  in  a  system  during  operation  is  always  due 
to  alterations  in  the  mechanical  and  electrical  conditions  of  the 
apparatus.  "  Cross  talk  "  is  due  to  either  a  common  resistance,  which 
can  be  caused  by  the  contact  of  parts  of  circuits  which  should  not  be 
in  contact,  or  as  a  result  of  electrostatic  or  electromagnetic  induc- 
tion. Owing  to  the  nature  of  the  circuits  in  the  telephone  switch- 
board, the  electrostatic  effects  may  be  ignored  in  the  consideration  as 
to  the  probable  cause  of  a  trouble  which  it  is  desired  to  remove. 

The  first  step  is  to  localize  it  into  the  switchboard  by  disconnecting 
the  outside  lines.  If  it  is  still  in  evidence,  the  switchboard  is  at  fault. 
A  common  w^ay  to  test  for  "  cross  talk  "  in  the  central  equipment  is 
for  the  operator  to  try  to  hear  the  conversation  on  a  cord  circuit  by 
listening  on  cords  not  in  use. 

"  Cross  talk  "  may  be  caused  by  the  inductive  effect  of  parallel  wires 
or  adjacent  parts  of  the  switchboard  equipment,  such  as  supervisory 
signals,  relays,  etc.,  which  are  not  provided  with  metal  cases.  This 
can  l)e  localized  more  easily  than  any  other  trouble,  and  should  be 
the  method  pursued.  As  stated  previously,  the  battery  leads  to  the 
central  energy  switchboard  should  be  sufficiently  large  to  reduce  the 
common  resistance  to  the  circuit  to  an  amount  where  it  would  be  a 
A'ery  small  factor  in  the  resistance  of  the  telephone  circuit  after  estab- 
lished. In  addition  to  this  the  condenser  bridged  across  the  bus  bars 
in  the  switchboard  reduces  the  amount  of  cross  talk  from  the  battery 
leads.  It  has  been  found  that  reversing  the  relative  position  of  the 
unsheathed  windings  on  the  answering  and  calling  supervisory  sig- 
nals removes  "  cross  talk  "  which  is  probably  caused  by  the  inductive 
effect  of  these  coils  on  the  adjacent  signals.  Relays  are  usually  pro- 
vided with  metal  covers  to  overcome  this  fault.  The  lacing  on  the 
forms  of  the  telephone  switchboard  should  never  be  cut  except  as  a 
last  resort,  and  no  disconnections  of  permanent  wiring  made  until 
recourse  to  every  other  method  has  been  tried. 

Circuits  can  be  segregated  by  inserting  paper  between  connecting 
contacts  of  keys  and  testing  each  section  of  the  circuit  with  a  dry 
battery  and  buzzer  or  telephone  receiver.  In  this  way  an  entire  cir- 
cuit can  be  inspected  and  tested  section  by  section  without  injury 
to  the  switchboard,  and  this  should  be  done. 


Chapter  VII. 
Line  Construction. 

Lines  constructed  by  the  Signal  Corps  are  of  three  general  classes, 
namely,  open  wire,  aerial  cable,  and  subterranean.  The  construction 
of  these  classes  of  lines  will  be  treated  under  separate  headings. 

OPEN -WIRE   LINES. 


Poles  should  be  preferably  of  red  cedar,  black  locust,  or  heart  of 
yellow  (pitch)  pine.  Should  these  not  be  procurable,  or  only  at  too 
great  cost,  recourse  may  be  had  to  other  kinds  of  timber,  such  as  chest- 
nut, redwood,  white  cedar,  red  cypress,  yellow  cypress,  tamarack,  fir. 
larch,  spruce,  white  or  post  oak,  sassafras,  and  others,  from  which 
good  serAdce  may  be  expected. 

All  poles  shall  be  of  the  first  quality  of  live  green  timber,  free  from 
rot,  and  sound  and  substantial  in  every  respect.  Each  pole  should 
contain  the  natural  butt  of  the  tree  and  have  an  approximately  uni- 
formly decreasing  cross  section  from  butt  to  top. 

All  i^oles  shall  be  cut  between  Xovember  1  and  March  1,  and  shall 
be  free  from  all  bark  and  soft  wood.  All  knots  shall  be  trimmed 
closely  and  smoothly.  The  sizes  and  dimensions  of  poles  shall  con- 
form to  the  table  below. 

\^^ien  octagonal  poles  are  ordered  they  shall  be  of  the  same  mate- 
rial as  specified  for  standard  poles,  and  shall  conform  in  general  to 
the  dimensions  of  the  table. 

Dh)icii'<ionst  of  poles. 


Length  of 

Circumference. 

poles. 

At  6  feet 

At  top. 

from  bot- 
tom. 

Fcft. 

Inche.t. 

Indies. 

20 

14 

24 

20 

16 

25 

25 

16 

25 

25 

19 

27 

26 

22 

30 

30 

19 

30 

30 

22 

34 

30 

24 

36 

35 

22 

37 

35 

25 

40 

40 

22 

40 

40 

25 

43 

45 

22 

45 

45 

25 

46 

50 

22 

46 

50 

25 

48 
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Guy  Htnhs  and  anchor  Jogs. — The  timber  used  for  iiwy  stubs  and 
anchor  logs  shall  conform  in  all  respects  with  that  specified  for  poles. 
Anchor  logs  shall  not  be  less  than  24  inches  in  circumference  nor  less 
than  4  feet  in  length. 

Guy  stubs  shall  not  be  less  than  22  inches  in  circumference. 

The  timber  to  be  used  for  pole  braces  shall  be  of  the  same  quality 
as  that  specified  for  poles.  Braces  should  not  be  less  than  18  inches 
in  circumference  at  smaller  end. 

NUMJJEK  OF   POLES. 

The  number  of  poles  to  be  provided  depends  upon  the  character  of 
the  country,  whether  open,  timbered,  prairie,  hilly,  mountainous,  etc.; 
upon  the  roads,  whether  crooked  or  straight ;  and  upon  the  number  of 
wires  or  cables  to  be  carried.  Xo  less  than  25  poles  per  mile  must  be 
used ;  but  in  timbered  country,  with  crooked  roads  and  heavy  leads,  it 
may  be  necessary  to  increase  the  number  to  40,  or  even  more  in  special 
cases. 

PKKPARATION    OF    POLES. 

When  practicable,  the  poles  must  be  cut  while  the  sap  is  down,  and 
the  bark  removed,  and  allowed  to  season  before  they  are  placed  in  the 
line.  This  increases  the  durability  of  most  kinds  of  poles  and  facili- 
tates their  transportation  and  erection.  The  tops  of  the  poles  sliould 
be  roofed  so  that  they  will  completely  shed  rain  and  snow,  as  shown 
in  figure  110. 

LIGHTNING   RODS. 

A  lightning  rod  should  be  provided  for  every  fifth  to  tenth  pole  of 
all  aerial  lines.  This  rod  may  consist  of  a  piece  of  No.  6  galvanized 
iron  wire  extending  not  less  than  12  inches  above  the  roof  of  the  pole 
and  attached  to  the  sides  thereof  by  means  of  staples  about  1  foot 
a])art.  The  lightning  rod  should  extend  continuously  down  the  entire 
length  of  the  pole  and  may  be  soldered  to  a  ground  rod  driven  into 
the  earth  near  the  base  of  the  i)ole  or  may  be  continued  to  the  base  of 
the  ])ole  and  there  end  in  a  small  coil  of  Avire.  to  give  good  surface 
contact  Avith  the  earlli.  This  rod  should  be  kept  as  straight  as  pos- 
sible witliout  turns  or  coils  in  its  lenglh  and  should  be  installed  before 
the  pole  is  erected. 

CHOSS    AKMS. 

The  standard  cross  arms  supi^lied  by  the  Signal  Corjis  are  indicated 
in  the  following  table: 

Dimensions  of  standard  cross  arms. 


Length  in 
feet. 

Number  of 
pins. 

Pin  spacing. 

Ends. 

Sides. 

Centers. 

3 

f 
6 
8 
10 

4 
6 
8 
10 

4 
4 
4 
4 
4 

28 
16 
16 
16 
16 

12 
12 
12 
12 
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INSULATORS. 

Tlie  standard  insulator  is  the  pony-glass  insulator,  either  single  or 
double  groove.  Special  cases  may  require  the  use  of  a  heavier  insu- 
lator, but.  in  general,  the  above  type  will  be  found  suitable. 

WIRK. 

"Wire  for  short  lines  and  lines  not  subject  to  deterioration  from  rust 
is  of  galvanized  iron  of  the  grade  known  as  ''  Extra  Best  No.  14, 
B.  "W.  G."  For  long  lines  through  rugged  country  or  for  telegraph 
purposes  or  where  extra  strength  is  required,  No.  0  galvanized  iron 
wire  is  suitable.  Where  lines  are  exposed  to  the  action  of  salt  air  or 
for  common  battery  telephone  Avork,  especially  on  comparatively  long 
lines,  Xo.  14  or  Xo.  12.  B.  &  S.  gauge,  hard-drawn  bare  copper  wire 
is  furnished.  This  wire  is  supplied  in  coils  of  1  mile  and  should 
be  handled  with  extreme  care  to  avoid  bruising  or  scratching  its  sur- 
face. Any  scratch  or  bruise  made  should  be  cut  from  the  wire  before 
it  is  installed.  Splices  should  invariably  be  made  with  copper  splic- 
ing sleeves  furnished  especially  for  this  purpose.  Joints  should  not 
be  soldered.  Tie-wires  for  fastening  the  wire  to  the  insulator  should 
be  of  the  same  gauge  as  the  line  wire  and  annealed  before  using. 

All  line  wire  shall  be  strung  from  pay-out  reels  in  such  manner 
that  it  shall  be  free  from  kinks  or  twists.  For  copper  wire,  Butfalo 
grips  should  be  used  so  that  it  will  not  be  injured.  For  galvanized 
iron  wire,  either  a  Buffalo  grip  or  other  form  of  clamp  may  be  used. 
Wires  are  to  be  strung  Avith  a  uniform  sag,  so  that  all  the  Avires  on  a 
cross  arm  shall  be  even  and  level  except  where  sizes  vary. 

ERECTIOX   OF   LINE. 

The  route  of  the  line  haA^ing  been  decided  upon  and  the  materials 
prepared  or  procured,  a  competent  person  must  proceed  to  measure 
the  distance  and  indicate,  by  stakes,  the  places  at  which  poles  are  to 
be  erected.  When  the  line  folloAvs  higliAvays  or  other  defined  routes, 
he  Avill  necessarily  be  gOAerned  by  the  l)Ounds  of  such  route,  and  must 
place  his  stakes  Avithin  those  bounds  and  in  such  a  manner  as  to  avoid, 
as  far  as  possible,  danger  to  the  line  from  passing  vehicles. 

As  a  general  rule  in  open  (unfenced)  country,  where  the  ground 
is  practicable  for  Avagons,  the  stakes  may  be  run  in  straight  lines, 
but  Avhere  there  is  a  Avell-defined  and  traA^eled  road  the  line  of  stakes 
must  folloAv  the  general  direction  of  such  road  and  be  set  at  such 
distance  from  it  that  the  line  Avhen  completed  shall  not  be  exposed 
to  injury  from  passing  vehicles,  or,  in  case  a  Avire  should  become 
detached  from  the  insulators,  it  can  not  by  any  chance  hang  in  the 
road  and  interfere  Avith  or  endanger  traffic.  AVith  this  in  vieAv,  the 
line  must  be  so  placed  as  to  be  readily  inspected  and  examined  by 
repair  men  from  the  road.  Whenever  practicable,  the  line  should  be 
removed  from  the  road  a  distance  of  about  30  feet.  Roads  should 
neA'er  be  crossed  unless  necessarA'  to  avoid  bad  ground  or  trees  which 
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are  too  numerous  to  cut  aAvay,  or  to  make  material  saving  by  short- 
ening the  line.  Such  crossings  should  be  made  at  half  a  right  angle. 
In  rolling  country  poles  should  be  planted  near  the  crests  of  hills 
and  not  on  each  side,  as  in  the  latter  case  the  wire  will  not  be  raised 
sufficiently  high  above  the  ground  to  be  free  from  danger  of  being 
broken  by  passing  herds  or  vehicles.  As  far  as  practical)le  grade  the 
line  by  using  the  longer  poles  in  hollows  and  the  shorter  ones  on  high 
ground. 

In  level  country  poles  may  be  set  at  tlie  rate  of  :^>0  to  the  mile  for 
light  leads.  This  distance  may  be  increased  when  the  configuration 
of  the  ground  renders  it  necessary,  as  in  crossing  streams,  ravines, 
etc.  In  hilly,  rolling,  and  timbered  country,  especially  Avith  crooked 
roads,  it  will  be  necessary  to  increase  this  to  35  poles  to  the  mile,  or 
in  special  cases  to  40  or  more. 

At  all  crossings  the  distance  between  poles  should  be  shortened  and 
the  height  of  wire  above  crown  of  road  l)e  not  less  than  18  feet. 

DIGGINC    HOLES. 

The  depth  to  which  poles  should  be  set  depends  upon  the  character 
of  the  soil  in  which  they  are  placed,  the  height  of  tht  pole,  and  the 
load  it  is  to  carry.  In  rock,  gravel,  or  stiif  clays  a  less  depth  is 
sufficient  than  in  light  loam  or  sand.  The  following  table  gives  the 
depths  for  average  conditions : 


Length  of 

Depth  in 

Depth  in 

pole. 

ground. 

solid  rock. 

Feet. 

Feet. 

Feet. 

18 

o3 

3 

20 

4 

3 

22 

4 

3 

25 

5 

3 

30 

5^ 

ih 

35 

6 

4 

40 

6 

4 

45 

6^ 

u 

50 

7 

4^ 

"  On   straight    lines.  *  On    corners. 

A  foreman  follows  the  surveyor  with  n  sufficient  numl)er  of  men 
equipped  Avith  digging  l)ars  and  spoon  shovels  (particularly  well 
adapted  to  digging  in  light  soils),  the  ordinary  long-handled  shovel, 
which  is  more  easily  procured,  or  [)ost-hole  diggers,  where  the  soil 
Avill  admit  of  their  use.  This  party  digs  the  holes  for  the  poles  as 
marked  out  by  the  stakes.  If  there  is  a  ^od.  one  of  the  men.  equipped 
Avith  an  ordinary  spade,  may  be  sent  idiead  to  remove  it,  indicating 
the  size  of  the  hole  to  be  dug,  and  facilitating  the  work  by  perform- 
ing a  part  thereof  for  Avhich  the  bars  and  spoons  arc  not  Avell  adai)ted. 
The  foreman  must  see  personally  that  the  holes  are  put  down  to  the 
proper  depth  and  are  of  the  same  size  v.{  the  bottom  and  top.  He 
Avill  have  direction  of  the  force  and  be  held  responsible  for  good 
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service.  For  poles  at  crossings,  curves,  and  long  spans  the  holes 
must  be  dug  to  a  depth  corresponding  to  the  strain  to  be  brought 
upon  them. 

DELIVERY   OF    POLES. 

The  poles  should  be  delivered  as  soon  as  practicable  after  the  holes 
have  been  dug,  with  the  butt  of  the  pole  by  the  hole  and  the  top  in 
the  direction  from  which  the  raising  party  will  come.  No  equipment 
is  necessary  for  this  labor,  "except  the  means  used  for  the  transporta- 
tion of  the  poles  and  carrying  hooks  with  which  to  move  them  as 
required  after  unloading.  For  crossings  and  long  spans  the  heaviest 
and  longest  poles  should  be  selected :  for  angles  and  sharp  curves, 
select  the  stoutest. 

FRAMING    POLES. 

All  poles  carrying  cross  arms  should  be  framed  in  the  following 
manner:  Raise  the  pole  at  the  top  and  place  it  in  a  framing  buck  or 
horse  so  that  the  heaviest  sag  or  curve  will  be  nearest  the  ground. 
If  the  pole  be  crooked  or  badly  shaped,  it  should  be  turned  with  a 
cant  hook  until  the  best  side  for  framing  is  uppermost  and  the  pole 
held  rigidly  in  place.  In  this  position  the  pole  should  be  roofed. 
After  the  roofing  has  been  done,  the  gains  should  be  cut.  These  may 
be  leveled  with  a  straightedge  or  sighting  stick.  To  bore  holes  for 
cross-arm  bolts,  a  line  should  be  set  off  from  the  center  of  the  top  of 
the  pole  to  the  center  of  the  butt  and  the  bolt-hole  center  laid  off 
along  this  line.  A  half-inch  hole  for  steps  may  be  bored  at  right 
angles  to  the  line  or  in  line  with  the  cross  arms,  beginning  18  inches 
from  the  lowest  cross  arm  and  continuing  on  opposite  sides  of  the  pole 
until  a  point  8  feet  from  the  ground  is  reached. 

All  cross  arms  for  carrying  four  Avires  and  upward  must  be  braced. 
(Fig.  110.)  Gains  on  cross  arms  will  not  exceed  in  any  case  1:^  inches 
in  depth. 

The  distance  from  the  upper  side  of  the  top  gain  to  the  extreme  top 
of  the  pole  will  be  8  inches,  and  the  distance  between  gains  from 
center  to  center  2  feet.  Cross-grm  braces  should  be  attached  to  the 
face  of  the  pole  and  to  the  face  of  the  arm.  Two  lag  bolts  will  be 
used  in  all  crosi^  arms  which  are  not  braced.  Cross  arms  must  be 
placed  on  opposite  sides  of  alternate  poles,  except  where  special  con- 
ditions of  line  wires  may  require  otherwise. 

Cross  arms  should  be  set  at  a  level  at  right  angles  to  the  pole  length 
and  not  parallel  to  the  ground.  This  applies  as  well  to  corner  poles, 
no  matter  what  the  degree  of  rake.  The  spirit  level  should  never  be 
used  for  leveling  cross  arms. 

The  use  of  buck  arms  is  not  allowed  under  any  circumstances. 

Cross-arm  fixtures  should,  if  practicable,  be  attached  to  buildings, 
with  bolts  passing  through  the  wall.  If  this  is  not  practicable,  large 
expansion  bolts  should  be  used.  Window  casements  or  woodwork  of 
buildings  should  never  be  used  for  resisting  the  strain  of  the  line. 
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Poles  shall,  -wherever  possible,  be  armed  before  they  are  erected. 

In  figure  110  are  shown  the  methods  of  attachino;  cross  arms  for 
leads  not  exceediiio-  four  wires;  (a)  shows  the  four-pin  cross  arm, 
with  braces;  (h)  the  two-pin  cross  arm  attached  with  lag  bolts:  while 
(c)   and   (d)   show  the  methods  pursued  in  tiie  case  of  iron  poles. 


rOUR  PIN  ARM  ON  WOOOEIN  POLE. 


TWO  PIN  ARM  AND  BRACKET 
ON  WOODEIN  POLE 


IRON  ARM  ON  IRON  POLE 


WOODEN  ARM  I  ,1  ON  IRON  POLE. 


Fig.  110. 


These  iron  poles  are  only  used  occassionally  to  meet  special  conditions, 
and  are  not  suitable  for  carrying  more  than  four  wires  and  should 
only  be  installed  in  hard  earth  or  concrete. 

For  straight  lines,  the  wires  should  be  placed  on  the  insulators  as 
shown  in  figure  111«.     It  will  be  noted  that  all  wires  are  on  the  pole 


t 


■==s^ 


D 


F 


a 


Fig.  111'/. — Method  of  placing  wiros  on  insulators. 

side  of  the  insulators,  e.xcept  the  middle  pair,  which  is  placed  on  the 
outer  side  to  proA'ide  a  greater  separation.  On  corner  poles  all  wires 
should  be  placed  as  shown  in  figure  lllh. 

The  approved  methods  of  tying  the  line  wires  to  the  insulators  are 
shown  in  figures  112  and  113.    It  will  be  noted  that  the  methods  for 
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Fig.  1116. — Method  of  placing  wires  ou  insulators. 


Top  view  of  tie  without  insulator 


5  turns 


Complete  tie 


Line  wir~e 


Commencing  tie  -Ready  for  wrapping 

Pig.  112. — Method  of  tying  copper  wire  to  insulator. 
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All  wires  must  be  fastened  yvith  5  turns 


^mnfe^^^pi)^ 


SpUang  iron  or  steel  v.'ire 


^:m§^  -  '^^^mo^ 


Tying  with  iron  or  steel  wire  Dead  ending  iron  or  steel  wire 

Fig.   li:). — Method  of  tying,  splicing,   ,nul  dead  ending  iron  and  steel   wire. 


Fig.  114.— Office  pole. 
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iron  and  copper  Avires  are  dili'erent.  Soft  copper  ties  should  be  nsed 
for  copper  and  soft  iron  for  iron  or  steel  line.  Care  should  be  taken 
not  to  injure  the  wire  in  tying  to  insulator  and  at  the  same  time  a 
secure  fastening  should  be  made. 

DoiilAe  arms. — The  approved  method  of  installing  double  cross 
arms  is  shown  in  figure  114.  The  poles  upon  which  the  double  arms 
are  to  be  placed  should  be  selected  from  the  heavie,st  of  those  avail- 
able, as  these  must  l)ear  an  additional  load,  and  extra  strength  should 
be  provided.     In  figures  1157>  and  115r  is  shown  the  method  of  dead 


MetfJod  of  connecPon 
for  hard  drain/n  cop- 
per IV ire 


Metfiod  of  connecfJon 
for  iron  i/v/re 


SECTION  THROUGH    CROSS    ARMS 

Fk;.  lir.. 


ending  Avires  on  double  cross  arms.  Where  the  wires  are  not  dead 
ended,  but  pass  through,  they  will  be  tied  to  both  insulators  in  the 
lower  groove  of  the  glass,  if  double  groove  glasses  are  in  place. 


BRACKET   LINES. 


l"\Tiere  not  more  than  two  wires  are  required  on  a  pole  line,  oak 
brackets  may  be  used  in  place  of  cross  arms.  The  brackets  should  be 
attached  to  the  pole  with  one  20d.  and  one  40d.  nail  and,  in  general, 
should  be  placed  as  shoAvn  in  figures  116ff  and  116Z>.     Where  brackets 
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are  placed  on  poles  which  may  bo.  at  some  later  time,  used  to  carrv 
cross  arms,  the  top  end  of  the  bracket  should  be  about  level  with  the 

toj)  of  the  gain,  so  that  the 
bracket  and  its  wire  will  not 
interfere  with  the  subsequent 
use  of  the  cross  arm. 

OFFICI-:    POLE. 

The  terminal  or  office  pole 
of  a  line  carrving  a  number  of 
wires  is  the  most  important 
part  of  the  line  and  demands 
careful  attention  to  secure  con- 
struction that  will  be  service- 
able and  easy  to  maintain. 
There  will  be  necessity  for  fre- 
quent access  to  this  pole,  so 
that  all  Avirino-  should  be  sub- 
stantial in  character  and  ar- 
ranged to  facilitate  repairs 
and  extensions.  The  office  or  terminal  pole  shown  in  figure  114 
indicates  the  construction  to  be  followed  in  the  typical  case. 


BrQdfeta  must  te 
\6n  outside  cfourvt 


Fig.  116«. — Method  of 
attaching  In-ackets. 


Fig.  116b. — Location  of 
brackets  on  curves 
and  at  corners. 


24 

FRONT  VIEW 


SECTION 


StCTlON  or  DOORS 

Fig.   117. — Cable  bos. 

It  is  probable  that  the  conditions  shown  in  figure  114  will  not  1)0 
exactly  duplicated  in  any  construction  Avoik  which  may  be  takeu 
np,  but  the  methods  shown  should  be  followed  as  far  as  practicalde. 

The  pothead  terminal  shoAvn  may  be  installed  or  use  ma}'  be  made 
of  a  cable  box  shown  in  figure  117.     The  latter  is,  in  the  general  case, 
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considered  preferable.    It  should  be  care- 
fully attached  to  the  pole  as  shown  in 
this  figure.    In  ordering  these  boxes  the 
number  of  pairs  to  be   accommodated 
should  be  stated  as  well  as  the  number 
of  i^airs  of  lightning  arresters  or  fuses. 
Xo  aerial  line  should  be  connected  to  a 
cable  pole  or  to  a  central  exchange  ex- 
cept   through   fuses   and   lightning  ar- 
resters.   The  terminal  or  cable  box  poles 
should  be  stepped,  using  for  this  pur- 
pose   galvanized    iron    pole    steps,    as 
shown    on    drawing.      These    iron    pole 
steps  should  not  come  down  to  less  than 
6  or  8  feet  from  the  ground.     To  reach 
these  steps  use  may  be  made  of  a  ladder, 
or  brackets  with  the  tops  cut  off  may  be 
fastened   to  the  pole   for  footholds,  as 
shown  in  figure  118.    Bridle  wires,  which 
are  used  to  connect  the  line  wires  with 
cable  or  exchanges,  are  shown  in  figures 
115(2  and  115/>,  run  in  hard-Avood  cleats. 
Where  these  cleats  are  not  available,  a 
suitable   size   of   enameled   bridle   ring 
may    be     used.       Particular     attention 
should  be  given  to  all  wiring  about  the 
pole  to  see  that  it  fits  neatly  and  is  so 
placed  that  it  will  not  be  injured  by  the 
workman    in    the    performance    of    his 
necessary  duties. 

^Hiere  the  wires  which  dead  end  on  a 
double  arm  come  from  one  direction 
only,  it  will  be  necessary  to  counter- 
balance the  strain  by  running  a  small 
guy  from  this  cross  arm  to  the  next  pole. 

Linemen  should  not  use  climbers  on 
poles  provided  with  steps  unless  such 
use  is  clearly  unavoidable. 

POLE    SETTING. 

All  pole  holes  should  be  dug  large 
enough  to  admit  the  pole  without  the 
necessity  of  cutting  away  the  butt,  and 
should  allow  space  to  move  the  pole  about 
for  bringing  it  into  line.  The  size  of  the 
60240°— 11 13 


Ground  /ine 


Pig.  118. 
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hole  should  be  such  that  the  tamping  bar  may  be  used  full  depth.  This 
matter  of  thorough  tamping  as  the  hole  is  filled  is  important  to  the 
proper  setting  of  the  pole.  On  straight  lines  the  cross  arm  should 
be  placed  at  right  angles  to  the  direction  of  the  pole  line,  the  arms 
on  adjacent  poles  facing  in  opposite  directions.  At  line  terminals 
the  cross  arms  on  the  last  two  or  three  poles  should  be  placed  on  the 
sides  of  the  jDoles  which  face  the  terminal.  On  curves  the  cross  arms 
should  be  placed  on  the  sides  of  the  poles  which  face  the  middle  of 
the  curve.  On  straight  lines  the  poles  shall  be  set  vertically.  It  is 
advisable  that  the  corner  poles  should  be  given  a  slight  rake  when 
set,  varying  with  conditions,  from  10  to  20  inches.  After  the  pole 
has  been  placed  in  position,  the  hole  filled,  and  the  earth  well  tamped, 
the  soil  should  be  well  banked  up  about  the  pole  and  firmly  packed 
in  place.  This  is  to  prevent  a  depression  forming  aliout  the  base  of 
the  pole,  due  to  subsequent  settling  of  the  earth.  In  filling  holes  the 
coarse  material,  soil  or  gravel,  should  be  used  at  the  top  of  the  hole. 
Where  poles  are  set  in  rock  the  pieces  should  be  wedged  in  firmly 
about  the  pole.  It  will  usually  be  found  that  there  are  more  or  less 
pronounced  curves  in  all  poles.  AAlien  setting  the  poles  these  curves 
should  be  so  placed  as  to  be  least  apparent  when  viewed  from  the 
direction  of  the  line. 

In  grading  poles  to  obtain  uniform  height  of  lead  it  is  proper  to 
cut  the  pole  as  a  last  resort  only  when  shorter  poles  are  not  at  hand. 
If  the  difference  in  height  is  only  1  or  2  feet,  it  may  be  taken  care  of 
by  digging  the  hole  deeper.  When  necessary  to  cut  a  pole,  the  butt 
and  not  the  top  should  be  cut. 

GtYS    AND    ANCHORS. 

Wherever  a  pole  line  uiakes  a  curve,  turns  a  corner,  or  ends  in  an 
office  or  other  terminal  })ole.  particular  attention  nnist  be  given  to 
the  matter  of  proper  guys  and  anchors.  The  following  instructions 
cover  the  cases  usually  uiet  with  under  ordinary  conditions.  The 
various  methods  of  strengthening  the  line  shown  should  be  adapted 
as  the  occasion  requires  to  meet  special  or  unusual  cases. 

A  bracket  or  other  line  carrying  one  or  two  wires  will  not  require 
ffuys  or  braces  except  on  corner  poles  where  the  angle  with  the 
straight  line  is  more  than  45  degrees,  and  at  road  crossings  or  ter- 
minal poles.  Where  guys  are  required  it  will  usually  be  found  that 
Xo.  9  iron  or  steel  wire,  galvanized,  will  be  sufficiently  heavy,  used 
with  a  small  deadman  or  6-inch  guy  anchor.  Curves  of  less  than  45 
degrees  should  be  provided  for  by  giving  the  ]>oles  the  propei-  rake 
as  specified  above.  For  lines  carrying  not  more  than  six  wires,  all 
poles  which  are  more  than  15  feet  from  a  straight  line  connecting  ad- 
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jacent  poles  on  each  si<le  should  l)e  jiiiyed.  For  a  lead  of  this  size, 
standard  guy  wire,  one-fourth  or  five-sixteenths  inch  diameter,  will 
usually  be  found  sufficient,  used  with  a  (>  or  8  inch  guy  anchor  or  ordi- 
nary deadman.  On  lines  carrying  ten  or  twelve  w^ires,  all  poles 
v>diich  are  more  than  10  feet  out  from  a  straight  line  connecting  adja- 
cent poles  on  each  side  should  be  guyed.  For  a  lead  of  this  size,  giiy 
wire  should  not  be  less  than  three-eighths  inch,  with  not  less  than 
one  8-inch  guy  anchor  or  usual  deadman. 

\\lierever  a  line  makes  a  right-angle  corner  with  two  poles,  the 
poles  should  be  guyed  as  shown  in  {A)  of  figure  111). 


<  3i 


Head  guy  from  top  of  pole  I  to  bottom  of  pole 
and  from  top  ofpok,  4  to  bottom  of  pole  3 


Fi<;.   110. — Method  of  guying  at  corners. 

On  straight  roads  where  the  line  crosses  from  one  side  of  the  road 
to  the  other,  corner  poles  should  be  guyed  as  shown  in  figure  120. 
Terminal  poles  on  20-Avire  lines  having  a  span  of  200  feet  or  more 
should  be  head  guyed  and,  if  possible,  side  guyed  in  both  directions. 
AMien  open-wire  lines  of  '20  Avires  or  more  are  dead  ended  in  one  direc- 
tion only,  the  pole  adjacent  to  the  terminal  pole  should  be  head 
guyed. 

The  methods  of  guying  on  curves  are  shown  in  figure  121. 

The  above  figures  showing  the  methods  of  guying  also  indicate  the 
sides  of  the  poles  on  which  the  cross  arms  should  be  placed  under 
varying  conditions.     In  locating  anchor  guys  the  distance  from  the 


196 


ELECTRICAL  INSTRUMENTS   U.   S.    SIGNAL  CORPS. 


butt  of  the  pole  to  the  eye  of  the  anchor  should  not  be  less  than  one- 
fifth  the  length  of  the  pole  and,  preferably,  should  be  about  the  length 
of  the  pole.  A  typical  ''  dead  man "  with  anchor  is  shown  in 
figure  122. 

The  anchor  rod  shown  is  of  f-inch  galvanized  steel.  The  rod 
passes  through  the  anchor  log  and  is  held  in  place  by  a  nut  and 
square  washer,  as  shown.  The  size  of  the  anchor  log  will  vary  with 
the  depth  of  the  excavation.  For  an  excavation  of  5  feet  in  depth, 
the  anchor  log  will  be  5  feet  long  and  8  inches  in  diameter.  For  a 
shallow  excavation  a  larger  and  longer  anchor  log  should  be  used. 
The  anchor  log,  after  being  placed  in  the  excavation,  should  be  cov- 


Fir..  120. — Liuo  crossing  road. 

ered  wilii  planking,  as  shown.  If  this  is  not  available  logs  or  rock 
may  be  used  for  the  same  purpose.  Guys  should  be  attached  to  the 
pole  immediately  below  the  upper  cross  arm  or  the  lower  bracket,  as 
shov^n  in  figure  123.  AVhere  No.  0  or  other  solid  wire  is  used  for  guys, 
the  wire  should  be  fastened  at  either  end  by  wrapping  the  end  about 
the  main  wire.  Where  stranded  wire  is  used,  the  guys  should  be 
fastened  at  each  end  by  means  of  an  approved  form  of  guy  clamp, 
either  one,  two,  or  three  bolt.  A  thimble  should  be  used  for  attach- 
ing the  guy  to  the  guy  bolt  or  guy  rod.  The  end  of  the  wire  should 
be  attached  to  the  stub  or  pole  and  wrapped  twice  about  this,  the 
wrapping  being  held  in  place  on  the  pole  or  stub  by  a  staple,  lag 
screw,  or  heavv  nail. 
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The  attachment  of  guys  to  tree  trunks  should  be  avoided,  if  pos- 
sible. Where  this  is  necessary,  the  guys  should  be  fastened  to  the 
tree  trunk  as  near  the  ground  as  conditions  will  permit,  in  order  that 
the  swaying  of  the  tree  under  weather  conditions  will  not  affect  the 
line.  AMien  it  is  necessary  to  attach  a  guy  to  solid  rock,  the  method 
shown  in  figure  123  should  be  followed. 


Fig.  121. — Method  of  guying  on  curves. 

It  may  be  found  necessary  in  some  ca.ses  to  replace  the  guys  shown 
by  pole  braces,  although  the  latter  are  not  considered  as  desirable  a 
reenforcement  as  guys.  Where  pole  braces  are  used,  the  butt  of  the 
brace  shall  be  set  at  least  3i  feet  in  the  ground,  on  a  firm  support  of 
planking,  stone,  or  similar  material.  An  approved  method  of  in- 
stalling pole  braces  is  shown  in  figure  124. 

Where  it  is  necessary  to  raise  guys  over  roadways  or  to  clear  obsta- 
cles, guy  stubs  should  be  employed,  as  shown  in  figure  125.     The  stubs 
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should  have  a  top  circuiuference  of  not  less  than  18  inches  and  should 
be  set  in  the  ground  to  a  depth  of  at  least  T)  feet,  and  should  lean  away 
from  the  pole  to  which  the  guy  is  atta<-he(l. 

In  general  practice  two  turns  of  the  guy  should  he  made  around 
each  pole,  one  end  of  the  block  attached  to  the  body  of  the  messenger 
or  guy  and  the  other  attached  to  the  free  end,  the  fall  of  the  blocks 
passing  back  and  down  to  the  ground  over  a  convenient  stub  or  snatch 
block.  All  anchor  guys,  head  guys,  and  corners  should  be  pulled  with 
two  sets  of  guying  blocks,  one  being  used  as  a  hi  If  for  the  other  set. 


o 


Fig.  11 


-Deadmnn  and  anchor  rod. 


TRANSPOSITION. 


Tt  may  be  found  necessary  in  some  cases  to  transpose  a  metallic 
circuit  to  pi-event  cross  talk  between  telephone  lines  or  interference 
from  foreign  circuits.  In  general,  however,  it  will  be  found  that  the 
aerial  lines  installed  by  the  Signal  Corps  are  not  of  sufficient  length 
to  require  transposition.  Where  it  is  necessary  to  transpose,  the 
method  shown  in  figure  120  siiould  be  followed. 
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In  making  a  transposition  the  use  of  corner  poles  or  curves  should 
be  avoided  as  far  as  practicable. 

On  long  lines  it  will  Ix^  found  convenient  to  ha^e  a  test  station 
where  the  line  may  be  opened  and  tested  both  ways  for  the  location 
of  trouble.  A  form  of  test  station  made  on  a  two-piece  transposition 
insulator  is  shown  in  tieure  127. 


a  a  a  so  af^a  a  a  s  a  a 


a  a  a  a  a  alcana  a  a  a  a  a 


Fig.  12.''.. —  (n)  Methods  of  siiyini: 


Do  not  locate  near 
ihe  edge  of  the  rock 


(h  \  .Vnchor  for  solid  rod 


GUARD    WIRES. 


"WHiere  guard  wires  are  necessary  to  protect  wires  from  other  wires 
crossing  above,  they  will  be  put  up  as  descriljed  and  illustrated  below. 
Referring  to  figure  1'28,  poles  1  and  4  should  Ije  framed  so  as  to  leave 
1  foot  of  the  pole  above  the  top  arm.  Poles  2  and  3  should  be  framed 
in  the  regular  way.  with  pin  in  ends  of  arms,  as  shown  in  sketch.  The 
upper  wires  represent  guard  wires,  wdiich  should  be  of  Xo.  8  gauge 
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Fig.  124. — Pole  brace. 
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Avhere  the  crossing  is  under  low-tension  wires.  AMiere  the  crossing 
is  under  electric-light,  power,  or  other  high-tension  wire-,  standard 
guy  wire  or  Xo.  4  wire  should  be  used  as  guards. 


Fig.   12r). — Line  transposition. 

The  guard  wires  terminate  on  the  top  of  poles  1  and  4.  where 
heavy  porcelain  knobs  or  other  circuit  breaks  should  be  used  when 
the  crossing  is  under  high-tension  wires.  The  straight  lines  show 
the  working  wires  as  they  will  appear  after  guard  arms  and  wires 
are  uj^. 


'I'est  coniK'ctor. 


Where  crossing  undci-  a  heaxy  lead,  and  hiMvy  guard  wires  are  used, 
guy  wires  .should  be  run  from  the  top  of  poles  1  and  4  to  a  i)oint  8 
or  more  feet  from  the  butt  of  the  next  pole  to  hold  the  strain  of  the 


guard  wires. 
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NUMBERING    POLES. 

Distinctly  mark  with  paint  each  twenty-fifth  (or  mile)  pole  Avith 
its  proper  number,  from  the  initial  to  the  terminal  point  of  the 
section,  to  facilitate  rendering-  reports  and  to  enable  repair  men  to 
report  locations  of  repairs  made   and   needed. 

CLEARING    AND   TKIMMINli. 

Over  right  of  way  covered  with  trees  or  undergrowth,  axmen  must 
precede  all  others,  except  the  surveyor,  and  clear  the  way  for  the 
work.  When  the  line  has  been  erected,  tliey  must  follow  and  remove 
all  branches  or  twigs  which  are  liable  to  be  thrown  into  contact  with 
the  wire,  clearing  back  for  a  space  of  4  or  C  feet,  and  removing  all 


Guard  wire. 


dead  branches,  no  matter  what  their  distance,  that  might  be  thrown 
down  by  high  winds  and  strike  the  line. 

AVhen  the  line  passes  through  regions  where  it  is  lial)le  to  be  in- 
jured by  prairie  fires,  the  sod  should  be  broken  and  grass  turned 
under  to  a  distance  of  10  feet  from  each  pole.  Officers  in  charge  of 
telegraph  lines  running  through  such  sections  shoidd  send  a  party 
along  the  line  each  year  to  break  the  sod  around  the  poles. 


RIVER    CROSSINGS. 


When  navigable  streams  cross  the  route  of  the  line,  it  is  usually  the 
better  plan  to  use  cables,  except  where  they  are  liable  to  be  washed 
out  by  freshets;  but  if  this  method  be  for  any  reason  impracticable. 
elevated  supports  must  be  used  and  the  wire  suspended  above  danger 
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from  passing  vessels.  Natural  supports,  such  as  trees  -well  rooted 
in  safe  positions,  if  such  can  be  found  of  sufficient  height,  may  be 
used,  or  masts  erected  and  securely  stayed  with  ^Yire  or  wire-rope 
guys.  If  the  span  between  supports  be  not  more  than  l.r)00  feet, 
the  line  wire  can  be  used,  care  being  taken  to  select  the  best,  and  a 
length  without  joints  or  with  joints  very  carefully  made.  For 
greater  spans  a  steel  wire  (or  comj^ound  wire  having  a  steel  core)  is 
necessary,  with  which  spans  upward  of  2,000  feet  can  be  made,  pro- 
vided the  points  of  support  are  high  enough  to  allow  of  a  propor- 
tionately deep  sag  to  the  wire.  Extreme  care  must  be  given  to  such 
crossings,  and  too  great  strain  avoided. 


In  placing  a  cable  across  an  inlet,  stream,  or  other  body  of  water  it 
should  be  laid,  whenever  practicable,  directly  from  the  reel  on  which 
it  has  been  received  from  the  manufacturer.  The  reel  will  be  rigged 
on  a  horizontal  axle  in  the  stern  of  a  suitable  vessel  and  paid  out  as 
steadily  and  regularly  as  possible.  Especial  care  is  necessary  to  pre- 
vent kinks,  and  to  cause  the  cable  to  lie  smoothly  on  the  bottom.  The 
shore  ends  of  the  cable  should  be  buried  sufficienth^  deep  in  trenches 
to  protect  them  thoroughly  from  exposure  to  the  air  and  injury  from 
vessels,  wheels,  etc.,  and  must  be  covered  with  stones  or  rocks  of  suifi- 
cient  weight  to  keep  them  down,  and  prevent  the  earth  from  being 
washed  aAvay.  The  ends  should  be  carefully  secured  to  the  cable  pole 
in  such  manner  that  the  pole  will  serve  as  a  buoy  in  case  of  the. 
washing  away  of  the  pole.  Lightning  arresters  must  be  used  at  both 
extremities  of  a  cable,  placed  in  the  cable  boxes.  These  boxes  should 
be  made  of  well-seasoned  pine  thoroughly  painted.  The  door  to  be 
hung  with  strong  hinges,  and  the  whole  box  Avaterproof  when  closed. 
The  cable  end  is  brought  up  into  the  bottom  of  the  box  as  shown  in 
figure  129.  This  opening  should  fit  as  closely  as  possible  to  prevent 
access  of  moisture,  insects,  etc. 

Tlie  line  wire  must  then  be  connected  by  a  piece  of  bridle  Avire  to 
the  binding  post  at  the  fuse  end  of  the  lightning  arrester.  The  cable 
should  be  connected  to  the  binding  post  at  the  other  end  of  the  ar- 
rester. The  ground  terminal  of  the  lightning  arrester  must  then  be 
tested  to  make  sure  that  no  ground  exists  between  the  coils  and  the 
ground  plate.  The  door  should  be  provided  with  a  type  of  rust  proof 
Yale  or  Corbin  lock.  The  cable  from  the  ground  to  the  box  should 
preferably  be  inclosed  in  an  iron  pipe,  but  where  an  iron  pipe  is  not 
available  a  wooden  box  may  be  substituted.  All  cables  should  be  an- 
chored, using  a  log  buried  in  the  ground  below  the  permanent 
moisture  line.  Enough  slack  cable  should  be  provided  beyond  the 
point  of  attachment  to  the  log  to  permit  paying  out  in  case  the  cable 
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has  been  caught  by  anchors  and  drawn  taut.  Anchoring  should  never 
be  omitted  unless  the  body  of  water  crossed  is  not  liable  to  floods  or 
is  not  navigated  by  boats  carrying  anchors.     (See  fig.  129.) 


HANDLING    HARD-DRAWN    COPPER   WIRE. 


"While  hard-drawn  copper  wire  possesses  hardness  and  strength  for 
all  practicable  pur])oses,  it  will  not  stand  without  injuiy  the  rough 
handling  to  which  iron  wire  is  ordinarily  subjected. 

Every  coil  should  be  examined  before  the  outside  cover  is  removed. 
In  case  the  covering  is  torn,  the  wdre  itself  should  be  carefully  in- 


Fig.  12!J. — Cable  box. 

spected  to  see  that  it  has  not  been  cut  or  bruised.  In  case  the  wire 
is  found  to  have  sustained  injury,  the  injured  portion  should  be  cut 
out  before  using. 

Copper  wire  should  never  be  thrown  from  a  wagon  or  train. 

While  unreeling,  great  care  must  be  taken  to  avoid  twists  and 
kinks.  Wherever  either  is  found,  it  must  be  cut  out  and  a  good  splice 
made.  This  applies  also  to  splits,  bruises,  or  indentations  of  any 
kind. 

In  tying  the  wire,  care  must  be  used  not  to  tie  it  so  tight  as  to 
cramp  or  kink  it  betw^een  the  tie  wire  and  the  glass.  Hard-drawn 
copper  wire  must  not  be  tied  with  any  wire  other  than  soft  copper. 
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When  once  hard-drawn  copper  wire  is  carefully  put  in  place  "with- 
out kinks,  indentations,  or  bruises,  it  will  stand  changes  of  tempera- 
ture, sleet  storms,  etc.,  practically  as  well  as  iron  or  steel  wire  of  much 
lower  conductivity. 

Combination  splicing  clamps  and  Butialo  grips  are  used  for  han- 
dling this  wire. 

STRINGING    WIRE. 

After  the  pole  line  has  l>een  completed,  with  all  guys,  anchors, 
etc..  in  place,  the  stringing  of  the  wire  should  next  be  taken  up.  The 
working  party  for  this  purpose  will  comprise  a  foreman;  a  sufficient 
number  of  linemen,  varying  from  2  to  (>;  one  or  two  ground  men; 
and  such  means  of  transportation  as  may  be  necessary.  The  linemen 
are  equipped  with  tools  for  splicing  wire  and  for  attaching  it  to  the 
insulators  and  must  be  men  who  are  able  to  climb  poles  and  work  to 
advantage  thereon.  Where  iron  wire  is  being  strung  for  long  dis- 
tances for  telegraph  work,  it  is  desirable  to  solder  all  joints.  This 
can  best  be  done  by  dipping  the  joint  when  completed  in  a  pot  of 
melted  solder.  For  short  iron  wire  lines,  and  for  copper  wire,  joints 
need  not  be  soldered.  Iron  wire  should  be  tied  in  with  soft  iron 
wire  of  the  same  size  as  the  line  wire.  Copper  wire  should  be  tied  in 
with  pieces  of  soft  copper  wire  of  the  same  size  as  the  line  Avire. 

Having  jDrovided  the  working  force  with  the  necessar}'  tools,  a 
coil  of  wire  is  placed  on  a  payout  reel,  the  binding  wires  removed, 
and  the  outer  end  of  the  Avire  attached  to  the  starting  point.  The 
wire  on  the  reel  is  then  carried  along  as  near  the  line  of  poles  as 
possible  so  that  the  Avire  will  run  out  straight  and  in  a  convenient 
position  for  carrying  up.  When  a  sufficient  amount  of  Avire  has  been 
run  out,  it  is  carried  up  by  the  linemen  and  placed  in  a  loose  tie  on 
the  insulator.  The  ground  men  then  pull  the  Avire  uj)  to  the  proj^er 
tension,  after  Avhich  the  tying  in  is  completed,  and  the  linemen  de- 
scend. In  other  cases  it  may  be  found  advisable  to  keep  the  payout 
reel  stationary.  In  such  cases  the  w^ire  or  Avires  are  attached  to  a  long 
lead  rope.  Avhich  is  carried  up  and  passed  over  the  cross  arm.  Where 
this  method  is  pursued,  it  is  desirable  to  place  the  full  length  of  the 
coil  on  the  poles  before  proceeding  to  tie  in. 


The  folloAving  list  includes  tools  which  have  been  found  necessar}' 
in  the  construction  of  telephone  and  telegraph  pole  lines.  In  making 
requisitions  for  tools  for  any  piece  of  work  this  list  should  be  folloAved 
as  closely  as  possible,  as  the  items  listed  therein  Avill  usuall}'  be  found 
in  stock  at  supply  depots  or  may  be  purchased  in  open  market  without 
great  delay: 
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BUILDING   TOOLS. 

Atlz,  house  carpenter's,  full-bead.  4-incli  blade. 

Ax,  hand  (specified  as  broad  hatchet),  5-inch  blade. 

Axes,  handles  for,  to  be  hickory,  clear,  straight-grained. 

Ax,  lineman's.  5-pound,  long-handle,  all-steel. 

Bags,  linemen's,  best  canvas,  with  leather  bottom,  20-inch. 

Bars,  crow,  wedge-point,  17-pound,  best  tool  steel. 

Bars,  digging,  1-inch  round.  S  feet  long,  weight  17  pounds,  and  IJ  inch 

round.  S  feet  long,  weight  28  pounds;  both  to  be  of  solid  steel. 
Bars,  digging  and  tamping,  1-inch  round,  tool-steel,  7  feet  long,  weight  19 

pounds ;  1-inch  octagonal,  tool-steel,  8  feet  long,  weight  25  pounds. 
Bars,  digging  (electric  s]jud),  steel  tubing  with  cast  blade  and  tamper. 
Belts,   lineman's,  for  tools,  38,  40,  and  44   inch,  with  loops,   rings,  and 

safety  strap. 
Bits,  auger,  sizes  J,  tfe,  f,  *,  i,  and  |  inch,  all  S  inches  long. 
Bits,  expansion,  J  to  lA  inch. 
Bits,  pole,  12  by  §  inch  and  16  bj'  %  inch. 
Braces,  ratchet,  S-inch  sweep. 
Buffalo  grip,  with  pulleys.  No.  1  size,  for  wires  up  to  No.  6;  No.  2  for 

wires  up  to  No.  0. 
Chain,  steel  measuring,  100-foot. 
Chisels,  cold.  2  to  1  inch,  tool  steel. 

Chisels,  socket  framing,  handles  for,  ring  topped,  best  quality  hickory. 
Chisels,  socket  framing.  1^  to  2  inch. 
Climbers.  10  and  IS  inch,  with  straps. 
Climbers,  straps  for. 
Connectors  (splicing  clamps),  for  wires  Nos.  9  to  16,  iron;  for  Nos.  8  to 

12,  copper  (for  Mclntire  connections). 
Coppers,  soldering,  with  handles.  1.  2.  and  4  pound. 
Coppers,  soldering,  handles  for,  with  ring  fen-ule. 
Drill,  rock,  made  of  best  tool  steel,  per  pound,  large  and  small  sizes. 
Files,  dentist,'  5-inch,  triangular:  8-inch,  round;  tlat ;  bastard;  half  round, 

S-inch. 
Files,  handles  for,  wood. 

Furnace,  gasoline,  with  .5-inch  pot  and  ladle. 
Hatchet ;  4-inch  blade. 
Hannners.  claw,  IS-ounce. 
Hammers,  machinist,  2-pound. 

Handles  for  hannners  and  hatchets,  best-grade  hickory. 
Handles  with  tools. 
Hooks,  cant,  4-foot,  with  handle. 
Hooks,  carrying,  4-foot  handle. 
Kit,  inspector's  pocket  tool. 

Knives,  draw,  telegraph  pattern.  12  and  14  inch  blade. 
Knives,  electrician's. 
Lanterns,  excavation,  ruby  globe. 
Pick  handles,  straight-grain  hickory. 
Pike  poles.  12.  1(>,  and  18  foot.  2  inches  in  diameter,  straight  live  ash  or 

white  or  yellow  pine,  to  suit  locality. 
Picks,  7  to  8  pound. 
Post-hole  augers,  12-inch,  5  feet  long. 
Post-hole  diggers.  7-foot  handle. 
Pike,  guarded  or  raising,  14-foot. 


208  ELECTRICAL  INSTRUMENTS   U.   S.    SIGNAL  CORPS. 

Pliers,    lineman's.    6-incli    side   cutting.    S-iucli    side    cutting,    and   &inch 

diagonal. 
Pole  support,  jenny. 
Pole  support,  mule. 

Reels,  pay-out.  with  handles  and  shoulder  straps. 
Reels,  take-up. 
Reel  jacks.  H.  1.  W.  make. 

Reel  jacks,  axles  for.  steel,  1,  1^.  2,  and  2i  inch,  per  foot. 
Rope,  pure  manila  hemp,  |-inch,  in  coils  of  l.(XK)  feet :  A-ineh,  in  coils  of 

l.O(X)  feet :  §-inch,  in  coils  of  500  feet :  f-inch  in  coils  of  500  feet :  1-inch, 

in  coils  of  500  feet. 
Rules,  carpenter's.  2-foot,  brass-tipped,  and  brass-hinged. 
Rules,  zig-zag.  4-foot. 
Saws,  crosscut. 
Saws,  hack,  blades.  12-inch. 
Saws,  hack,  frame  9  to  12  inch,  adjustable. 
Saws,  hand.  26-inch,  No.  7,  S-poiut. 
Saws,  rip,  26-inch.  Sj-point. 
Screw -drivers,  perfect.  3.  4,  6,  and  12  inch. 
Shovels.  6  and  8  foot  handles,  with  18-inch  straps. 
Shovels,  handles  for. 

Spades,  grading,  round  and  square  pointed.  D  handles. 
Spades,  handles  for. 

Spoons,  6  and  8  foot  handles.  IS-inch  straps. 
Sheaves,  double  and  single,  wood  or  iron,  with  one  or  two  beckets:    or 

with  becket  aud  hook.  Ford's  patent  bushings,  sizes  3.  4.  5.  and  6. 
Tapeliue.  high-grade  cloth.  100-foot  and  50-foot,  in  feet  and  inches,  leather 

case. 
Torches,  blow,  hot-blast. 
Tree  trimmers,  large  size,  without  saws. 
Tree  trimmers,  large  size,  with  saws. 
Tree  trimmers,  handles  for.  18-foot,  with  ferrule  joint. 
A'ise.  jackstrap  and,  5A-inch  vise,  black  leather  strap. 
Wrench,  combination  lag  and  nut  screw. 
Wrench,  steel  tie.  for  Nos.  8.  10.  and  12  wire. 
Wrenches,  monkey.  10  and  12  inch. 

AERIAL    CABLE    CONSTRUCTION. 

The  first  step  in  laying  out  a  telephone  system  for  a  post  is  to  pro- 
cure a  large  accurately  scaled  map  showing  all  buildings,  present  and 
projective,  walks,  roadway,  contours,  and  all  other  objects  affecting 
the  location  of  telephone  lines.  On  this  indicate  the  location  of  the 
switchboard  and  all  the  instruments  to  be  connected  to  it.  The 
routes  of  the  various  leads  of  poles  and  course  .should  now  be  indi- 
cated. These  shoidd  be  determined  only  after  personal  inspection  of 
the  ground  and  conference  with  the  post  authorities.  It  is  important 
that  the  routes  as  laid  down  in  the  first  instance  should  not  be  changed 
later  as  by  so  doing  the  material  ordered  may  be  rendered  unsuitable 
with  resulting  expense  and  delay  in  procuring  new  supplies.  Avoid 
changing  pole  line  from  one  side  of  the  street  to  the  other,  trees,  or 
other  obstacles  that  would  interfere  with  the  line,  sharp  curves,  and 
electric-power  wires.     The  aerial  construction  should  be   as  incoii- 
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spicuoiis  as  possible — other  things  being-  equal,  run  in  rear  of  build- 
ings in  preference  to  front.  It  may  be  stated  in  general  that  cable 
should  be  used  where  five  or  more  pairs  are  to  be  carried  in  one  lead. 
In  laying  out  cable  distribution,  the  future  needs  of  the  service  should 
be  provided  for  as  far  as  possible  and  spare  pairs  made  available. 

A  typical  cable  distribution  suitable  for  systems  of  50  lines  is 
shown  in  figure  i;>0.  It  is  of  advantage  to  reduce  the  number  of 
types  of  cable  used  as  far  as  possible.  Figure  130  shows  a  complete 
systenri  with  no  open  wire  lines.  When  it  is  necessary  to  connect 
aerial  wires  to  cable  this  should  be  done  through  fuses  and  arresters 
installed  in  a  can  top  or  cable  pole  box.  A  typical  method  of  in- 
stalling a  can  top  is  shown  in  figure  131,  where  drop  wires  are  con- 
nected to  the  cable;  the  tap  taken  out  of  the  main  cable  will  never  be 
less  than  ten  pair.  Thus,  from  headquarters  to  point  .1  three  termi- 
nals are  shown,  in  each  of  which  pairs  1  to  10  are  taken  out.  From  A 
to  end  of  lead  two  terminals  are  installed  in  each  of  which  pairs  11 
to  20  are  taken  out.  This  provides  a  multiple  distribution  by  means 
of  which  the  same  pair  may  be  connected  to  at  diiferent  points  as 
conditions  may  require.  Pairs  should  never  be  dead  ended  inside  the 
cable.  All  paper  core  cables  should  be  connected  to  a  pothead  before 
connecting  to  cable  boxes.  Can-top  terminals  may  be  furnished  with 
a  piece  of  cable  attached  in  which  case  all  that  is  necessary  is  to 
make  the  splice  to  main  cable.  A  typical  can-top  terminal  with  cover 
partly  removed  and  cable  attached  is  shown  in  figure  13"2. 

Pole  lines  for  aerial  cable  should  be  built  as  specified  for  open 
wire  lines  in  the  preceding  part  of  this  chapter.  The  setting  and 
guying  of  poles  should  be  given  sj^ecial  attention,  and  on  corners 
and  terminal  poles  it  is  of  first  importance  that  the  poles  hold  their 
original  positions  rigidly  if  the  cable  is  to  remain  in  a  neat  and 
workmanlike  manner  after  erection.  After  the  erection  of  the  pole 
line  has  been  completed,  with  all  guys,  anchors,  etc.,  installed,  the 
messenger  wire  should  be  erected.  For  No.  22  gauge  cable,  up  to  and 
including  50  pairs,  five-sixteenths  inch  diameter  of  strand  is  used. 
For  other  sizes  three-eighths  inch  strand  will  be  required.  The  same 
size  of  strand  that  is  used  for  carrying  the  cable  should  also  be  used 
for  guys.  The  properties  of  the  various  sizes  of  .strand  commonly 
used  are  given  in  the  following  table : 


strand 

of  7  wires, 

B.  W.  G., 

No.— 

Breaking 
stain. 

Diameter 
of  strand. 

Lay. 

Elongation  of  each 
wire  in  10  inches. 

Weight 

per  100 

feet. 

Maximum. 

Average. 

8 
9 
11 
12 
14 
16 

Pounds. 
11, 000 
9,000 
0,800 
4,860 
3,  OiiO 
2. 000 

Inches, 
i 

T8 

1 

Inches. 

4J 

4 

3i 

3 

3 

Per  cent. 
13 
13 
13 
12 
12 
10 

Per  cent. 
11 
11 
11 
9 
9 
9 

Pounds. 
52 
42 
30 
•>2 

13 

8 

60240°— 11- 
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Fig.  131. — Method  of  installing  can  top  terminal. 
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An  ;»ppi'()\(Hl  iiiotliod  of  (U'iul  ending'  inessoiiaer  wire  is  shown  in 
figure  1 '■).">. 

It  is  (lesirablo  that  tiu-  messenger  I'lm  i'l-oni  anchor  still)  to  anchor 
still)  without   splice,  running  past   la>t    pole   without  change  of  level 


Fu;.   lo2. — C'iiu  Kip  liTiniii.-il. 


L 18'- — \ 


to  a  guy  ^tlll>. 
in  liiiiire  i:')  I. 


/2  "or  more  for  poles  10" or  less  in  diam. 

lZ"to24--A.{ld" 10" to  15"  ^       " 

^^  18' to  24    '•      "     15  "or  more"     >• 

Vn;.  ^?,?,. — Mi'tliod  of  dead  eliding  strand. 

he  li'iMiiinal  i)ole  ami  >tul)  are  then  guyed,  as  shown 
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Whenever  possible  the  anchor  for  the  stub  should  be  placed  at  a 
distance  from  the  stub  equal  to  the  distance  from  the  guy  to  the 
ground  level.     This  will  give  the  anchor  guys  an  angle  of  about  45 


Fig.  ir!4. — Method  li'i-iiiinating  messengei'  straml. 


1 -■'>.". —  0\iy  shims  and  hooks. 


degrees.  On  all  poles  or  stubs  where  steel  strand  or  messenger  dead 
ends  or  extra  heavy  guys  are  installed,  guy  shims  and  hooks  should 
be  used  as  shown  in  figure  135.     These  shims  are  to  form  a  continua- 
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tioii  around  the  pole  from  edge  to  edge.     Thimbles  should  be  used  in 
the  eyes  of  all  anchors. 

jNIessenger  ^.liould  be  pulled  from  anchor  stub  to  anchor  stub  without 
break  if  possible.  Splicing  of  messenger  should  be  avoided,  but  if 
necessary  nuiv  be  done  as  follows:  Two  ends  of  the  messenger  should 


r\ 


Detail  of  overlap  serve 


Fig.   loGrt. — Splicing'  messenger  wire. 


\m  p  olllo  p  p|||^  M^ 


be  lapped  about  6  feet.  Three  3-bolt  clamps  should  be  put  on  in  the 
center  lapping  sections,  spacing  them  so  that  they  touch  end  to  end. 
At  each  end  of  the  outside  of  the  three  bolts  one  Crosby  clip  should  be 
placed  H  inches  from  the  three  bolts  with  the  yoke  over  the  short  end 

of  the  messenger  and  the  bearing 
plate  on  the  main  messenger. 
The  end  should  be  served  up  with 
overlapping  sections  of  serving  as 
shown.  The  completed  splice  is 
shown  in  figure  VMSlj. 

Various  methods  of  attaching 
the  messenger  to  poles  are  used. 
Messenger  supports  attached  with 
two  lag  bolts  placed  as  shown  in 
figure  137  are  most  commonly  used. 

A  messenger  sui)port  attached  by  a  through  bolt  may  also  Ix'  used 
;is  shown  in  figure  138.  In  ordering  supports  of  either  pattern,  the 
size  of  the  strand  with  which  they  are  to  be  used  should  be  given. 
Bolts  for  attaching  are  not  furnished  as  a  part  of  the  support  and 
should  be  ordered  separately.     The  messenger  supports  should  be 


i:{7. — Method  of  attacliing  mcsspugi-r 
supports. 
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installed  before  the  strand  is  run  out.  To  erect  strand,  place  the  reel 
on  an  axle  supported  by  two  jacks,  if  available,  and  run  off  the  re- 
quired length  along  the  line  as  near  the  poles  as  possible.  This  is 
then  carried  up  the  pole  by  the  linemen,  the  hangers  being  already 
in  place.  One  end  is  then  dead  ended,  as  shown  in  figure  1?>^.  At 
the  other  end  a  pair  of  6-inch  triple  blocks  should  be  hung  on  the 
guy  stub  terminating  the  pole  line  and  slack  taken  out  of  the  mes- 
senger and  carried  around  the  pole  loosely  and  fastened  with  a  clamp 
for  safety.  Next,  a  10-inch  snatch  block  is  hung  just  below  the  guy 
shims  on  the  side  of  the  pole  parallel  with  the  street.  It  should  be 
secured  to  the  pole  with  the  equivalent  of  four  turns  of  inch  rope. 
A  piece  of  three-eighth  inch  strand  measuring  100  feet  or  more 
should  be  attached  to  the  messenger  by  means  of  Crosby  clips  or  three- 
bolt  guy  clamps  in  a  permanent  manner,  approximately  15  feet  from 
the  stub.  The  piece  of  strand  attached  to  the  mesvsenger  should  now 
be  carried  through  the  snatch  block  to  the  butt  of  the  next  pole,  a  tree 
or  other  sufficiently  firm  object.  A  pair  of  10-inch  triple-iK>le  hoisting 
blocks  should  be  made  fast  to  this  pole  or 
other  object  and  lashed  with  two  turns  of 
inch  rope  or  its  equivalent.  These  blocks 
should  be  attached  to  the  strand  leading 
over  the  snatch  block  with  the  blockh 
si:)read  at  least  30  feet.  A  pair  of  luff 
blocks  should  be  attached  to  the  fall  of  the 
main  blocks  by  a  stopper  hitch,  allowing  p^,.  i38.-Messengoi-  support, 
the  main   fall  to  be  snubbed  around  the 

nearest  solid  support.  The  slack  should  now  be  pulled  up  by  the  fall 
of  the  luff'  blocks,  using  for  this  purpose  a  horse  or  force  of  ground 
men.  The  arrangement  of  block  and  tackle  described  is  shown  in 
figure  139. 

AVhen  the  dasired  tension  has  been  secured,  the  main  fall  should 
be  permanently  snubbed  and  the  messenger  made  fast.  This  is  done 
by  passing  the  end  twice  around  the  pole,  the  free  end  hooked  to  one 
end  of  a  pair  of  G-inch  triple  blocks.  The  other  end  of  these  blocks 
should  be  secured  to  the  main  messenger.  The  fall  of  these  blocks 
should  be  carried  through  a  second  and  smaller  snatch  block  to  the 
ground,  Avhere  it  may  be  handled  with  other  luff's  to  take  out  the  slack 
in  the  messenger. 

When  this  is  done,  the  messenger  is  secured  by  Crosby  clip  and 
3-bolt  guy  clamp,  as  shown  in  figure  133.  The  tension  of  the  main 
blocks  should  be  eased  off  gradually  and  with  caution  until  the 
dead  end  of  the  messenger  has  taken  up  the  full  strain.  This  having 
l)een  completed,  the  messenger  supports  should  be  tightened  up  on 
each  pole. 
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The  method  of  pnttiiio-  up  messenger  just  described  is  of  general 
application  and  will  be  found  suitable  for  the  heaviest  strand  in- 
stalled. In  most  cases  for  small  systems  the  method  may  be  some- 
what simplified  and  the  details  described  should  be  modified  accord- 
ingly. 

The  messenger  should  never  turn  double  corners  or  change  from 
one  side  of  the  street  to  the  other  by  being  pulled  around  the  corner. 
On  double  corners  messenger  and  cable  should  make  the  square  turn, 
as  shown  in  figure  1-10.  On  changing  sides  of  the  street  the  messen- 
ger should  go  straight  past  the  last  pole  to  a  stub  or  anchor,  beginning 
again  on  the  opposite  side  of  the  street  in  the  same  manner,  both 
corner  poles  being  side  guyed.     This  is  shown  in  figure  140. 

When  the  cable  is  in  place  on  the  messenger  the  sag  in  inches 
should  not  exceed  the  limits  of  the  following  table: 


Temper- 

100-foot 

120- foot 

140-foot 

160-foot 

180- foot 

200-foot 

ature. 

span. 

span. 

span. 

span. 

.span . 

.span. 

°F. 

-30 

12 

17| 

23i 

30J 

39 

48 

0 

12i 

m 

24 

31i 

40 

49i 

-h30 

12J 

181 

25i 

331 

421 

.V2i 

60 

13^ 

20 

271 

36 

45J 

56| 

90 

l.^i 

22 

30 

391 

50i 

63i 

120 

18 

25i 

34  i 

42^ 

55 

twi 

"When  pulling  the  strand  taut  allowance  should  be  made  for  tlie 
weight  of  the  cable,  which  will  increase  the  sag,  and  the  strand 
should  be  made  correspondingly  taut.  It  will  hardly  be  possible  to 
place  the  strand  under  too  great  a  tension.  As  the  strain  is  applied 
careful  watch  should  be  kept  for  loosening  guys  or  anchors,  buckling 
of  j)oles,  etc.  The  blocks  should  be  attached  to  the  messenger  wire 
by  means  of  steel  comealongs  rather  than  Buffalo  grips.  They  may 
be  attached  to  the  pole  or  anchorage  by  the  use  of  a  sling  of  mes- 
senger strand  or  manila  rope. 


If  a  single  messenger  wire  is  used  on  a  universal  hanger  the  pole 
guys  should  be  placed  above  and  as  close  to  the  messenger  as  possible. 
The  guys  should  be  wrapped  twice  about  the  pole  or  guy  stub,  and 
should  be  held  with  guy  clamps.  With  five-sixteenths-inch  or  three- 
eighths-inch  strand  one  three-boft  clamp  only  will  be  needed. 

AMiere  several  guys  are  placed  on  one  pole  they  should  be  assem- 
l)led  as  closely  as  possible,  but  should  not  overlap  or  bind  each  other. 
When  head  guys,  storm  guys,  strand  or  other  guys  are  fastened  to 
the  butt  of  the  pole  they  should  be  as  close  to  the  ground  as  possible, 
but  usually  not  nearer  than  8  feet.  Guy  stubs  should  not  be  left  with 
any  side  strain  Avhatever.  This  can  be  prevented  in  two  ways,  by 
side-guying  the  stub  itself  or  by  bringing  the  anchor  rods,  stub,  and 
jDoint  of  strain  in  line. 
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Cable  messengers  should  be  carried  at  the  lowest  level  permitted  bv 
existing  conditions,  such  as  other  wires,  cables,  roadways,  etc.  The 
height  of  the  main-cable  lead  should  be  adjusted,  if  possible,  to  meet 
the  requirements  of  the  branch  or  cross  lead.  If  the  level  of  the 
cable  messenger  is  to  be  changed,  it  should  not  be  dropped  abruptly, 
but  should  be  graded  carefully  to  meet  the  requirements. 

In  serving  dead  ends  of  messenger  suiRcient  length  should  be  left 
in  the  messenger  or  guy  to  pass  tw'ice  around  the  pole,  to  permit  of 
the  proper  distance  between  the  end  of  the  clamp  and  pole,  and  to 
allow  a  standard  length  of  18  inches  from  the  clamp  to  the  free  end 
of  the  strand.  This  free  end  should  be  carefully  tightened  and 
served  to  main  messenger  with  wrapping  of  No.  14  iron  wire.  Where 
several  messengers  or  guys  dead  end  on  the  same  pole  the  ends  and 
serving  should  be  lined  up. 

If  after  the  slack  has  been  pulled  out  of  a  messenger  it  appears 
that  the  grade  might  have  been  better,  it  should  be  considered  of  suffi- 
cient importance  to  raise  or  lower  the  support  or  supports  necessary 
to  bring  this  about.  If  the  conditions  are  favorable,  cable  supports 
may  be  placed  on  the  poles  by  tape-line  measure  from  the  ground 
to  determine  the  height.  If.  however,  the  ground  is  uneven  or  the 
conditions  are  otherwise  unfavorable  small  pieces  of  lath  or  equivalent 
may  be  tacked  on  the  pole  and  raised  and  lowered  until  a  satisfactory 
grade  is  secured,  the  messenger  supports  then  being  placed  at  these 
points.  The  preliminary  pull  on  the  messenger  will  determine  the 
correctness  of  the  spacing  of  the  supports. 

For  post  telephone  systems,  paper-insulated,  lead-covered  cable  will 
largely  be  used.  For  interior  posts  the  conductor  will  be  No.  22 
B.  &  S.  gauge  copper.  For  coast  artillery  posts  No.  19  gauge  is 
standard.  The  properties  of  the  usual  sizes  of  both  gauges  of  cable 
are  given  in  the  following  table  for  types  401  to  411),  inclusive: 


Tvpe 
No. 


■101... 

402... 

403... 

404... 

405... 

406... 

407... 

408.. 

409.. 

411.. 

412.. 

413.. 

414.. 

415.. 

416.. 

417.. 

4  IS. 

419. 


Desig-nation. 


10-pair  aerial. . 

15-f)air  aerial. . 

20  pair  aerial.. 

25-pair  aerial. . 

30-pair  aerial.. 

40-pair  aerial. . 

50-pair  aerial. . 

75-pair  aerial. . 

lOO-pair  aerial 

10-pair  aerial. . 

15-pair  aerial. . 

20-pair  aerial. . 

25-pair  aerial.. 

30  pair  aerial. . 

40-pair  aerial. . 

50-iiair  aerial. . 
.1  75-pair  aerial. . 
.'  100-pair  aerial. 


Conduc- 

!  tor,  B.  & 
}  S.  gauge. 


Thickness 
of  lead 
sheath. 


Inches. 


Approxi- 
mate out- 
side di- 
ameter. 


Inches. 

0.722 

.797 

.872 

.922 

.982 

1.113 

1.208 

1.443 

1.638 

.607 

.682 

.737 

.787 

.827 

.943 

1.023 

1. 193 

1.3.53 


Weight  per 
statute 
mile. 


Pounds. 
5, 370 
6,193 
7,054 
7,693 
8,416 
11,083 
12, 445 
15,829 
18,  SGO 
4,229 
4,937 
5,549 
6,088 
6,  .520 
8,664 
9,646 
11.890 
14,050 


Weight. 

1.000  feet  of 

cable  and 

reel. 


Poiaiih. 
1,186 
1,368 
1,558 
1,700 
1,860 
2,  448 
2, 750 
3,497 
3.967 
935 
1,093 
1,226 
1,345 
1,441 
1,914 
2, 131 
2,  627 
3,106 
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Ill  ii>iiiij  (lie  (lata  eiven  above,  it  should  \)v  l)oriie  in  mind  that  the 
vahu's  will  \  arv  sliiilitly  with  the  different  manufacturers  and  orders. 
This  cable  is  usually  furnished  (m  reels  in  len<rths  of  1.000  feet,  but 
other  lengths  are  furnished  when  called  for  on  order.  The  standard 
reels  are  33  inches  in  length  and  have  a  diameter  of  from  5(j  to  72 
inches. 

In  addition  to  the  paper-insulated  cables  noted  above,  single-pair 
rubber-insulated  cable,  type  213.  is  also  employed.  This  has  the 
following  properties:  Conductor,  7  strands.  Xo.  21  B.  &  S.  gauge; 
thickness  of  lead  sheath,  one-eighth  inch:  outside  diameter  over  lead 
sheath,  about  five-eighths  inch.  Furnished  on  reels  in  one-half  mile 
length,  weighing  approximately  3.000  pounds. 

(ABI.K    HAXDLINC. 

(jreat  care  should  be  taken  in  handling  cable  in  carrying  it  to  the 
work  and  in  delivery  from  railroad  yards  to  storehouses.  Cable 
should  never  be  dropped  from  a  platform  or  wagon,  and  the  reel 
should  never  be  laid  on  the  side.  Reels  will  usually  be  marked  on  the 
end  Avith  a  heavy  arrow  showing  the  direction  in  which  they  should 
be  rolled  in  transportation.  The  loading  or  unloading  of  reels 
should  only  l)e  done  under  the  supervision  of  a  responsible  party  who 
understands  the  handling  of  cable. 

HANGING    CABLE. 

The  messenger  having  been  prepared  for  the  cable,  the  cable  rollers 
should  be  placed  in  position  on  the  messenger  and  spaced  from  15  to 
20  feet  apart.  The  cable  should  be  placed  approximately  one  span 
from  the  beginning  of  the  run  and  suspended  on  cable-reel  jacks. 
A  temporary  leading-up  guy  should  be  placed  in  position  equipped 
with  rollers.  A  drag  line  for  pulling  the  cable  should  be  brought 
through  the  rollers  from  the  distant  end  of  the  run  and  attached  to 
the  cable  by  stiitable  means,  such  as  a  cable  grip.  The  cable  may  then 
be  pulled  through  the  rollers  by  means  of  a  team  of  horses,  Avinch,  or 
a  force  of  ground  men.  After  the  cable  has  been  run  out  the  proper 
length  one  end  should  be  made  fast,  a  i)air  of  heavy  blocks  with  luff 
attached  to  the  other  end,  and  the  slack  pulled  out  before  snubbing. 
In  drawing  cable,  great  care  should  be  taken  to  avoid  crimping  the 
sheath  or  choking  the  cable.  Snubbing  Avith  pieces  of  rope  put  on 
with  a  half  hitch  is  positively  forbidden.  The  cable  should  not  be 
pulled  around  corners  unless  the  cable  terminates  within  one  span 
of  the  corner.  If  the  run  is  greater  than  one  span,  the  cable  should 
be  cut  and  spliced. 
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LAPPING    FOR    SPLICING. 

Three  feet  of  lapping  section  is  all  that  is  necessary-  This  does 
not  mean  that  5  or  8  feet  should  be  allowed.  Whenever  necessary  to 
cut  a  cable,  as  at  the  end  of  a  run  or  otherwise,  exposed  wires  should 
be  driven  Avithin  the  sheath  by  a  pin  or  bolt  and  the  sheath  closed 
over  same  and  sealed  with  solder.  This  is  to  be  considered  an  abso- 
lute rule — to  seal  all  cal)le  ends  in  this  manner  immediately  after 
cutting. 

ATTACHING    CABLE   TO    MESSENGER. 

The  cable  hangers  should  be  spaced  15  to  18  inches  apart,  using 
spacing  stick  for  this  i)urpose.  "\Mien  the  cable  hangers  are  attached 
care  should  be  taken  to  dre.ss  the  cable  properly,  carefully  removing 
all  kinks,  curves,  etc..  as  the  cable  is  placed  in  position. 

PROTECTION    OK    C.\.BLE. 

A\niere  cable  is  liable  to  come  into  contact  with  wires,  tree  limbs, 
guys,  or  other  objects  which  will  injure  the  lead  sheath,  a  guard  of 
wooden  strips  should  be  put  on  and  lashed  with  marlin.  Pinup  log 
split  lengthwise  is  sometimes  used  for  this  purpose. 

CABLE-BOX   GROUND. 

Arrester  ground  for  cable  terminal  poles  should  be  carried  straight 
down  the  pole  without  anj'  curves,  sharp  turns,  or  coils,  and  as  far 
as  possible,  without  splicing.  This  ground  should  consist  of  a  co[)per 
wire  of  suitable  size  attached  to  a  ground  plate  or  ground  rod  buried 
permanently  in  moist  earth. 

SPLICING    LEA1)-C0\  EREn,    PAPEK-INSULATED    CABLES. 

These  instructions  cover  improved  methods,  with  the  materials 
required,  for  splicing  lead-covered,  paper-insulated  cables.  They 
apply  equally  to  aerial  av  underground  work. 

MATERIAL    REQUIRED. 

The  following  material  will  be  required : 

Paper  or  cotton  sleeves,  parafHn,  strips  of  muslin,  or  equivalent, 
lead  sleeving,  Aviping  solder,  stearin,  gummed  paper. 

Before  being  used  paper  sleeves  should  be  boiled  out  in  paraffin. 

For  Avrapping  the  core  after  splicing  and  for  binding  the  ends  of  a 
splice  strips  of  muslin,  or  .soft  twine,  should  be  used. 

The  dimensions  and  weight  of  sleeves  used  in  splicing  cables  of 
various  sizes,  and  amount  of  solder  per  joint,  are  given  in  the  follow- 
ing table.  Where  the  cables  to  be  spliced  together  are  not  of  the 
same  size  the  projjcr  size  for  the  larger  of  the  cables  shall  be  used. 
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Lead  sleeves  for  straigld  splices. 


;;ize  of  sleeve. 
Inside 

Size  of  cable  used 
with— 

Pounds 
of  solder 
per  joint. 

Diameter. 

Thickness 
of  lead. 

Tnrhes.             Inch, 
h               0.11 
i                  .10 

1  .11 
U                  .12 
U                  -14 
IJ                  .13 

2  .15  " 
2i                  . 125 

Weight 
per  foot. 

19  gauge. 

22  gauge. 

Pounds. 

1 

u 

2 
•>i 

3| 
4 
4J 
4^5 

Pairs. 

Pairs. 

10       10  and  20 
20                   2.i 
2.5                    ;i0 

0.9 
1.2 
1.5 
2.0 
2. 5 
3.7 

50                   .50 
100                  100 

Sleeving-  is  of  pure  lead  and  is  purchased  in  lO-foot  lengths.  In 
ordering  state  number  of  feet  required  and  inside  diameter — the 
sleeves  to  be  cut  on  the  work  as  needed.  The  length  of  sleeves  varies 
from  IG  to  24  inches — usually  is  18  inches. 

Splices  should  in  every  case  be  finished  and  wiped  the  day  they  are 
begun.  In  wet  surroundings  or  very  damp  Aveather  work  should  be 
continuous  until  finished.  In  such  cases  the  splice  should  be  ""boiled 
out"  with  paraffin  at  intervals — say,  after  each  50  pairs  have  been 
connected. 

AVhenever  it  is  necessary  to  leave  a  cable  end,  it  should  be  thor- 
oughly dried  and  sealed  with  solder,  as  much  care  being  taken  as  if 

the  seal  were  to  be  per- 
manent. 

A  record  should  be 
kept  of  all  splices,  with 
the  name  of  the  splicer 
and  any  item  of  inter- 
est. Each  splicer  should 
be  held  personally  re- 
sponsible for  any  faults 
which  may  develop  in 
liis  work  due  to  defec- 
'  "■    ^^^  live  workmanship. 

The  operations  in  making  a  siraiglil  splice  are  as  follows: 
Remove  the  sheath  from  the  ends  of  the  cables  to  be  spliced  for  a 
distance  equal  to  the  length  of  the  sleeve  to  be  used.  Now  wind  the 
core  tightly  with  strips  of  muslin  or  soft  tw4ne  at  the  end  and  close 
to  the  sheath.  This  is  done  to  prevent  the  wires  from  being  cut  on 
the  edge  of  the  sheath.  To  remove,  cut  the  sheath  lengthwise  from  the 
end  back  to.the  desired  point,  cuttingthrough  the  sheatli,  but  being  very 
careful  not  to  injure  the  insulation.     This  is  shown  in  figure  141. 
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Next,  make  a  score  entirely  aroinul  the  cable  at  the  end  of  the  length- 
wise cut.  as  in  figure  142.     Do  not  cut  quite  through  tlie  sheath. 

The  lead  may  now  be  removed  Avith  a  pair  of  pliers.  The  exposed 
conductors  shall  now  be  thoroughly  '"  boiled  out  ''  by  pouring  hot 
l)araffin  over  them  until  all  traces  of  moisture  are  removed.  The 
binding  must  be  saturated  with  paraffin  as  well  as  the  core.  Enough 
])araffin  reuuiins  in  the  core  to  form  a  seal,  which  protects  the  cable 
against  moisture  while  the  si)lice  is  being  made.  The  temperature  of 
the  paraffin  shall  be  above  that  of  boiling  water,  but  must  not  be 
high  enough  to  char  paper  insulation. 

In  drying  or  "  boiling  out  "  a  splice  Avith  paraffin,  always  work 
away  from  the  cable  sheath  toAvard  the  end  of  the  conductors  or 
middle  of  the  splice,  in  order  to  prevent  any  moisture  being  driven 
under  the  sheath. 

The  ends  of  the  cable  sheaths  and  of  the  lead  sleeve  shall  be  scraped 
bright  for  ;}  or  4  inches  and  rul)l)ed  with  tallow,  or  stearin  to  keep 


Fig.  142. 

them  clean  during  the  subsequent  work  on  the  splice.  The  tallow  also 
acts  as  a  flux  in  making  the  Aviped  joints. 

The  lead  sleeve  shall  next  be  slipped  oAer  the  most  convenient  end 
of  the  cable. 

The  tAvo  cable  ends  shall  be  placed  and  firmly  secured  in  the  same 
straight  Ime,  Avith  the  distance  betAveen  the  ends  of  the  sheaths  about 
8  inches  less  than  the  length  of  the  lead  sleeve. 

After  the  cables  are  in  position  the  conductors  shall  be  bent  at 
the  sheath  out  of  the  Avay  and  shall  then  be  spliced  in  the  folloAving 
manner : 

Starting  at  the  center  or  the  loAver  back  side  of  the  cables,  a  pair  of 
wires  from  each  cable  is  loosely  brought  together  Avith  a  partial  tAvist 
(«,  fig.  143),  thus  marking  by  the  bend  in  the  pairs  the  point  at  Avhich 
the  joint  is  to  be  made.  Slip  on  a  paper  sleeve  over  each  Avire  of  one 
pair  and  push  the  sleeves  back  far  enough  to  alloAV  room  for  making 
the  joint. 
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The  wires  are  now  to  be  connected  by  a  splicer''s  ordinary  twist 
joint  {h,  tif>-.  14'5).  The  like  wires  from  the  two  jDairs  to  be  splicetl 
shall  be  brought  together  at  the  point  marked  by  the  bend  and  given 
two  or  three  twists  (r-,  fig.  143).  Remove  the  insulation  of  both  wires 
beyond  the  twist,  being  careful  not  to  nick  or  scrape  tlie  conductors. 
Tlie  wires  aiv  now  to  be  bent  as  shown  and  twisted  together  as  if 
turning  a  ci-auk.  The  ends  shall  be  cut  off  so  as  to  leave  tlie  twist 
of  bare  w  ire  not  less  than  1  inch  in  length.  The  twist  shall  be  bent 
down  along  the  insulated  wire  and  the  paper  sleeve  slipj^ed  over  the 

joint  (<L  fig.  148).  The 
completed  joint,  with  the 
sleeves  in.  place,  is  shown 
in  r.  figure  143. 

In  splicing,  care  shall 
be  taken  to  splice  the 
center  and  lower  pairs 
first,  forming  the  outer 
pairs  about  the  center 
l)airs  so  that  the  finished 
splice  may  have  a  uni- 
form shape. 

The  joints  shall  be  dis- 
tributed along  the  whole 
length  of  the  splice  in 
order  to  keep  the  splice 
u  n  i  f  o  r  m  in  size  and 
shape. 

The    connected    splice 

shall    be    again    ••  boiled 

out "    with    hot    paraffin 

until  all  traces  of  moisture  have  been  removed.     (See  fig.  144.)     In 

applying  this  paraffin,  work  from  the  ends  of  the  splice  toward  the 

middle. 

The  splice  shall  then  be  wrapped  with  strips  of  muslin,  or  equiva- 
lent, and  comjiressed  until  the  lead  sleeve  will  slip  over  the  splice. 
(Fig.  145.)  Care  nnist  be  taken  not  to  compress  the  splice  too  tightly 
or  the  wires  may  l)e  forced  through  the  insulation  and  crosses  result. 
The  splice  shall  be  dried  out  with  hot  j^araffin  after  the  wrapping 
of  the  splice  is  complete.  The  drying  out  shall  be  continued  until 
bubbles  cease  to  appear. 

The  lead  sleeve  shall  be  slipped  into  [)lace  before  the  sj^lice  has  had 
time  to  cool,  taking  care,  however,  to  see  that  the  sleeve  is  per- 
fectlv  drv. 
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The  ends  of  the  sleeve,  Avhicli  should  overlap  the  cable  sheath  at 
each  end  by  about  l),  inches,  shall  be  beaten  down  to  conform  to  the 
cable  sheath  and  a  wiped  joint  carefully  made  at  each  end.  Tn  mak- 
ing the  wiped  joints  strips  of  gummed  pajKn'  may  be  u-ed  to  limit  the 


Fig.   144. 


yJA'T  ■■"  f    'I  "H^mif  J'|»»fiiii/Ujpi7Jiyi.  )  .V' 


I'IG.   145. 


Fig.   143. 

joints.     A  joint   in  process  of  being  wiped  and  one  completed  are 
shoAvn  in  figures  140  and  147. 

Wiped  joints  should  be  carefully  inspected,  using  a  mirror  when 
necessary  to  detect  any  imperfections  in  the  seal. 
00240°— 11 15 
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s-WAY  o:{ 


'I'he  method  of  making  a  3-way  or  Y  splice  is  the  same  as  for  a 
straight. splice,  except  in  the  following  particulars: 
There  are  two  general  classes  of  Y  splices — 

1.  AMiere  the  cables  all  end  at  the  splice. 

2.  AYhere  a  branch  cable  is  to  be  spliced  into  a  continuous  cable. 

In  the  first  case  the  method  is  generally  similar  to  a  straight  splice. 
The  sheaths  of  all  three  cables  are  removed  for  a  length  e(iual  to  the 
length  of  the  lead  sleeve.  The  two  cables  forming  the  main  cable 
are  secured  in  a  straight  line,  Avith  the  distance  between  the  ends  of 
the  sheaths  about  3  inches  less  than  the  length  of  the  sleeve.  The 
branch  cable  shall  be  lashed  beside  one  of  the  main  cables,  with  the 
end  of  its  sheath  opposite  the  end  of  the  sheath  of  the  main  cable. 
The  joint  shall  be  made  by  twisting  together  like  Avires  of  pairs 

from  each  of  the 
three  cables,  tak- 
ing care  to  in- 
clude two  or  three 
twists  of  the  in- 
sulation in  the 
joint  in  the  man- 
ner described  for 
straight  splices. 

The  lead  sleeve 
in  this  case  may 
be  a  whole  sleeve. 
It  should  be  slipped  on  and  ])ushed  back  on  that  portion  of  the  main 
cable  away  from  the  branch. 

In  the  second  case  a  split  lead  sleeve  must  be  used. 
The  sheath  of  the  main  cable  shall  be  renu)ved  for  a  length  of  about 
3  inches  less  than  the  length  of  the  sleeve.     The  sheatli  shall  be  re- 
moved from  the  end  of  the  branch  cable  for  an  equal  distance. 

The  branch  cable  shall  be  lashed  to  the  main  cable  with  the  end  of 
the  sheath  opposite  the  end  of  the  sheath  of  the  cable. 

A  piur  of  conductors  in  the  main  cable  is  cut.  To  one  end  of  each 
conductor  shall  be  spliced  a  short  piece  of  bare  wire  of  the  same  size  as 
the  cable  conductors.  This  wire  should  be  twisted  into  the  insulation 
two  or  three  times  in  order  to  prevent  its  pulling  back  on  the  conduct- 
ors. The  second  end  of  the  main  conductor,  the  free  end  of  tlu>  bare 
wire,  and  a  like  conductor  of  a  pair  in  the  branch  cable  shall  be 
twisted  togethei-,  in  the  manner  already  described,  and  covered  with  a 
l)aper  sleeve  which  shall  be  long  eiu)ugh  to  cover  both  ends  of  the 
bare  wire. 

If  there  is  slack  enough  in  the  main  cable,  the  joint  may  l)e  made 
without  splicing  in  the  bare  wires. 


Fig.  147. 
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In  putting  on  a  split  lead  sleeve  the  seam  must  be  carefully  sol- 
dered, then  the  ends  beaten  down  to  conform  to  the  sheaths  of  the 
cables  and  soldered  with  wiped  joints  in  each  end.  Care  should  be 
taken  to  retouch  the  ends  of  the  seam  after  the  wiping*  is  complete, 
in  order  to  make  sure  that  the  seam,  has  not  been  opened  while  the 
wiping  was  in  progress. 

A  grooved  wooden  block  should  be  placed  in  the  fork  of  each  Y 
splice  in  order  to  keep  the  cables  apart.  This  block  is  kept  in  place, 
and  the  cables  at  the  same  time  protected  from  the  possibility  of 
too  great  a  separation  by  means  of  a  wrapping  of  wire  soldered 
to  the  cable  sheaths. 

METHOD   or    MAKING   A   POT    HEAD. 

This  description  covers  the  method  of  making  a  pot  head  or  flexible 
cable  terminal  for  terminating  the  conductors  of  a  lead-incased,  dry- 
core  cable  in  rubber-covered  conductors,  and  at  the  same  time  effec- 
tually sealing  the  lead-incased  cable  against  air  and  moisture. 

The  Avires  which  are  to  be  spliced  to  the  lead  cable  should  be  insu- 
lated with  rubber  or  equivalent.  The  rubber-covered  wires  may 
be  loose  or  in  the  form  of  a  taped  cable. 

DIRECTIONS    FOR    SETTING    UP    THE    POT    HEAD. 

No  paraffin  shall  be  used  in  "'  boiling  out '"  cable  ends  and  sleeves 
for  pot  heads.  Make  the  splice  between  rubber  and  paper  insulated 
wires  as  described  for  splicing. 

Close  to  the  end  of  the  lead  cable  sheath  the  wires  should  be 
tightly  wound  with  a  number  of  layers  of  twine  or  wicking  in  such 
a  manner  as  to  prevent  the  compound  from  entering  the  cable. 

The  entire  splice  should  be  opened  up  as  much  as  possible  in  order 
that  the  sealing  compound  may  flow  readily  about  every  wire. 

The  lead  sleeve  should  be  drawn  over  the  splice,  alloAving  it  to 
project  over  the  lead  cable  sheath  1^  inches,  and  then  connected  to 
the  lead  cable  sheath  by  means  of  a  "wiped"  joint. 

The  lead  cable  sheath  with  sleeve  attached  should  now  be  fastened 
in  an  upright  position,  the  sleeve  warmed  until  it  becomes  barely  pos- 
sible to  touch  it  with  the  hand,  and  the  sealing  compound,  heated  to  as 
high  a  temperature  as  is  possible  without  burning  the  insulation  from 
the  wires,  slowly  and  cautiously  poured  in  through  the  tube,  using  a 
funnel  to  assist  in  the  operation.  The  compound  should  fill  the  sleeve  to 
within  one-half  inch  of  the  top.  If  the  compound  on  cooling  should 
settle,  more  compound  should  be  poured  in  at  the  top  of  the  sleeve. 

After  the  splice  has  become  thoroughly  cold  the  open  end  of  the 
lead  sleeve  should  be  carefully  dressed  into  contact  with  the  taj)ed 
leather  which  surrounds  the  rubl>er-covered  wires  or  cable. 

No  pot  head  should  be  mounted  in  other  than  an  upright  position, 
if  exposed  to  the  weather.    When  it  is  necessary  in  inside  construe- 
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Rubber  cable  or  wires 


tion  to  place  the  pot  head  in  a  horizontal  position  the  open  end  of 
the  lead  sheatli  sliould  be  wrapped  with  tape  to  i)revent  the  com- 
pound from  riiinnng 
out,  and  care  should 
be  taken  to  locate  the 
terminal  where  it  will 
-fjubberwpe   not  be  exposed  to  ex- 

Leather  collar  •  i         , 

cessive  heat. 


.rif' 


Tube 


Paper  or  cotton 
sleeve 


Wrapping 


jj'- —  iViped joint 


*  —  L  ead  covered  cable 


Fig.   \\>^. 


SUGGESTIONS   IN   REGARD   TO 
SPLICES. 

In  branching  a  small 
lead-covered  cable 
from  a  flexible  splice 
it  is  considered  ad- 
vantageous to  run  it 
out  at  the  base  of  the 
lead  sleeve,  making  a 
double- wiped  joint, 
rather  than  to  run  it 
out  parallel  with  the 
rubber-covered  wires 
or  cable. 

Should  occasion  arise 
Avhen  it  becomes  im- 
perative to  shorten  the 
length  of  the  lead 
sleeve,  a  sleeve  of  a 
greater  diameter  than 
is  ordinarily  recom- 
mended should  be  se- 
lected and  the  space 
occupied  by  the  joints 
in  the  wires  contracted, 
keeping  the  space  be- 
tween the  last  wire 
joint  on  the  rubber- 
covered  wire  end  and 
the  leather  Avrapping 
the  same  as  it  would 
be  in  a  regidar  splice, 
this  being  the  space 
where  the  efficienc}' 
of  the  seal  is  main- 
tained. 


A  completed  splice  is  shown   in  cross  section  in  figure   148. 
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UNDERGROIND   CABLE. 

It  is  desirable  to  place  cables  uiKlerground  wherever  possible.  This 
avoids  the  pole  lines  and  the  necessity  for  running  pole  lines  about 
the  post  in  conspicuous  locations,  secures  the  cable  from  many  sources 
of  injury  common  to  aerial  lines,  and  makes  the  system  reliable  in 
operation  and  easy  to  maintain.  Underground  construction  will,  in 
general,  be  more  expensive  than  aerial,  and  this  consideration  will 
usually  determine  the  form  of  construction  to  be  followed.  The 
first  step  is  to  decide  on  the  general  layout  of  the  system.  The 
procedure  should,  in  general,  be  the  same  as  outlined  for  the  aerial 
plant.  In  selecting  the  routes,  attention  should  be  given  to  the  con- 
tour of  the  post;  location  of  material  obstacles  to  cable  runs;  build- 
ings, existing  and  projected,  and  probable  extensions  of  the  system 
in  the  future.  The  runs  between  manholes  should  be  without  curves 
or  bends.  A  diagram  of  pair  distribution  similar  to  figure  140  should 
be  made,  after  which  the  lengths  of  the  various  sizes  of  cable  can  be 
determined. 

Two  general  methods  of  placing  cable  underground  may  be  fol- 
lowed— trenching  and  conduit.  The  first  costs  less  to  install  and  does 
not  require  skilled  labor,  but  has  the  disadvantage  that  the  cable  is 
not  accessible  for  repair  and  once  installed  can  not  easily  be  removed. 
Trenched  cable  is  also  more  liable  to  mechanical  injury  after  laying. 
It  may  be  stated  as  general  that  trenching  will  be  confined  to  lateral 
runs  of  type  21?>  cable.  All  paper-insulated  cable,  as  far  as  prac- 
ticable, will  be  placed  in  conduit. 

TRENCHING    CABLE. 

The  route  being  staked  out,  the  trench  should  be  excavated  of 
sufficient  width  and  not  less  than  18  inches  in  depth  if  practicable. 
Care  should  be  taken  that  the  bottom  of  the  trench  and  the  first  earth 
used  for  filling  in  are  entirely  free  from  stones,  sticks,  or  other  ma- 
terial which  will  injure  the  cable  sheath  under  pressure.  The  cable 
may  be  pulled  into  the  completed  trench  from  the  reel,  held  on  cable 
jacks.  In  pulling  into  trench,  avoid  drawing  cable  over  sharp  pro- 
jections which  would  score  the  sheath.  The  same  precautions  should 
be  employed  in  sealing  ends,  splicing,  and  potheading  as  for  aerial 
cable.  After  the  cable  is  laid  and  spliced  it  should  be  covered  with 
rough  boards  about  1  by  6  inches  of  such  timber  as  can  be  easily 
obtained  locally.  The  trench  may  now  be  filled.  The  route  of  trench 
with  splices  located  should  be  recorded  on  scale  maj). 

CONDUIT. 

In  laying  out  a  conduit  system,  provision  should  be  made  for  placing 
all  paper-insulated  cable  in  conduit  if  practicable.  In  all  conduit 
construction,  the  following  general  construction  will  apply. 
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The  top  of  the  conduit  line  should  never  be  less  than  18  inches 
below  the  surface.  In  many  places  this  depth  Avill  be  exceeded  in 
order  to  maintain  the  gi'ade  of  the  duct  line.  The  distance  between 
manholes  should  be  as  great  as  local  conditions  and  the  length  of  the 
cal)le  that  can  be  pulled  into  a  duct  will  permit.  AVhere  fiber  or  pump 
log  conduit  are  used  this  distance  should  not  exceed  400  feet ;  for  clay 
conduit  SoO  is  considered  the  maximum.  As  cable  is  usually  fur- 
nished in  lengths  of  1,000  feet,  the  spacing  should  l)e  such  as  to  cut 
this  length  without  waste  or  accumulation  of  short  pieces. 

In  general,  it  is  desirable  to  run  conduit  or  trench  in  rear  of  build- 
ings and  quarters  to  avoid  cutting  up  turf  or  lawns  unnecessarily. 
The  location  of  the  main  line  should  be  such  as  to  afford  the  most 
economical  and  convenient  distribution  to  stations.  All  excavations, 
especially  on  roadways,  should  be  guarded  outside  of  working  hours 
by  suitable  barricade  and  lanterns  to  prevent  injury  to  traffic.  Avoid 
opening  long  stretches  of  trench  in  which  the  cable  or  conduit  can 
not  be  laid  without  delay.  In  many  cases  a  plow  may  be  used  to 
good  advantage  to  remove  the  top  layer  of  earth.  Conduit  will  not 
be  laid  in  concrete  unless  four  or  more  ducts  are  used.  Conduit 
should  be  laid  in  straight  line  and  at  same  grade  between  manholes. 
All  curves  should  be  made  at  a  manhole  or  hand-hole.  The  bottom 
of  the  trench  should  be  smooth  and  firmly  tamped  before  laying  con- 
duit. All  work  in  connection  with  conduit  construction  should  be 
done  under  the  supervision  of  a  thoroughly  competent  foreman. 

The  tj'pes  of  conduit  used  are  bituminized  fiber,  pump  log,  and 
vitrified  clay.  For  most  of  the  Signal  Corps  work,  the  fiber  conduit 
will  be  used  on  account  of  ease  of  installation  and  less  first  cost  of 
material. 

The  vitrified  clay  conduit  is  more  permanent  in  character  and  is 
suitable  for  conditions  requiring  unusual  strength  and  rigidity.  The 
plans  shown  herein  are  for  fil>er  conduit  in  all  cases.  Where  this 
type  is  not  available  use  may  be  made  of  either  of  the  other  types. 

The  standard  fiber  conduit  is  made  in  7-foot  lengths.  3-inch 
inside  diameter  and  three-eighths  inch  wall,  weighing  2  pounds  per 
foot.  The  lengths  of  conduit  are  made  with  male  and  female  slip 
joints  as  shown  in  figure  150.  AMien  laying  the  conduit,  the  end  of 
each  section  should  be  dipped  into  a  waterproofing  liquid  before 
jointing.  Care  should  be  taken  to  close  the  joint  completely  and  to 
avoid  placing  stones  or  other  material  next  the  conduit  in  filling. 
The  woi-k  of  laying  may  be  begun  at  a  manhole  or  at  any  part  of  tlie 
trench.  Where  the  conduit  work  is  discontinued  temporarily  for  any 
cause,  the  exposed  duct  ends  should  be  plugged  and  covered  with  a 
tarpaulin  until  work  is  resumed.  Where  short  lengths  are  required 
the  standard  pieces  may  be  cut  with  a  handsaw,  using  water  to  pre- 
vent stickinar  of  the  saw.     Care  should  be  used  in  handlino-  the  con- 
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duit  to  avoid  l)i(';dvin<i-  tlif  (nd>.     The  fiber  condiiit  is  made  up  in  the 
usual  elbows,  tees,  and  bends. 

MAX  HOLES. 

To  ])rovide  for  access  to  conduit  for  ixdlinjr.  si)licinir.  inspection, 
and  repair  of  cables,  manholes  ai'e  placed  as  needed.  The  usual  form 
is  shown  in  figure  l.")!.  The  dimensions  of  this  figure  ma}'  be  varied 
to  suit  special  conditions.  A  large  numl)er  of  fornndas  are  in  use 
for  mixing  concrete.  The  proportions  for  stone,  sand,  and  cement 
vary  with  the  size  and  character  of  the  stone,  the  (pudity  of  the 
cement,  and  the  purj^ose  for  which  the  concrete  is  to  be  used.  A 
good  general  formula  is  1  part  cement,  3  parts  sand,  and  O  parts 
stone.  For  gravel,  1-2^-5  will  be  better.  In  making  estimates  it 
should  be  borne  in  mind  that  the  volumes  of  cement,  gravel,  sand, 
and  stone  taken  separately  will  be  greater  than  the  volume  of  the 


Fk;.  150. — Conduit  ends. 


finished  concrete,  and  allowance  must  be  made  accordingly.  Thus, 
for  1  cubic  yard  of  concrete  by  the  formula  1-3-6,  there  will  be 
necessary  1.1  barrels  of  cement,  OAQ  cubic  yard  sand,  and  0.93  cubic 
yard  stone.  One  barrel  of  cement  contains  four  bags.  The  formula 
is  for  parts  by  volume.  The  cement  should  be  only  the  best  grade 
Portland,  the  sand  free  from  loam  or  similar  foreign  matter,  the  stone 
hard  and  sharp,  screened,  and  not  larger  than  Avill  pass  through  a 
1^-inch  ring.  The  cement  should  be  stored  only  in  a  j^erfectly  dry 
place.  The  materials  should  be  thoroughly  mixed  before  adding 
water.  Only  such  quantities  should  be  mixed  as  can  be  placed  with- 
out a  delay  of  more  than  forty-five  minutes.  Water  should  be  added 
very  graduallv  and  thoroughly  mixed  with  thje  materials  as  applied. 
The  materials  should  be  accurately  measured  and  not  estimated. 
Mixing  should  be  done  on  a  board,  never  on  the  ground.  The  exca- 
vation for  the  manhole  being  completed,  the  bottom  shall  first  be  laid, 
extending  under  the  manhole  walls.  The  concrete  shall  be  tamped 
in  place,  the  surface  smoothed  oft',  and  the  Avhole  allowed  to  set  for 
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six  hours  before  proceeding  Avitli  tlie  walls.  The  form  for  the  walls 
should  now  be  made  of  good  dressed  lumber,  substantially  put  to- 
gether to  withstand  the  pressure  of  the  concrete.  The  forms  should 
be  so  built  as  to  be  easily  removed  for  use  elsewhere.  After  forms 
are  set  and  properly  braced  the  concrete  should  be  placed  to  form  a 
wall  of  the  required  thickness.  In  some  locations  no  outside  form 
will  be  required,  the  earth  wall  serving  this  end.  The  concrete  should 
be  deposited  in  layers  not  more  than  G  inches  thick  and  rammed  in 
place  until  the  surface  becomes  slightly  fluid.  The  manhole  should 
be  completed  at  one  operation.  A  surface  for  the  cover  is  made  of 
cement  and  the  cover  placed  before  the  cement  has  set.  In  figure  151 
the  cover  is  shown  G  inches  below  the  surface  to  allow  for  resodding. 
"Where  this  is  not  required  the  depth  of  the  duct  line  below  the  sur- 
face may  be  reduced  to  place  cover  flush  with  ground  line.  In  many 
cases  where  it  is  necessary  to  provide  access  to  duct  for  distribution, 
inspection,  etc..  a  much  smaller  manhole,  usually  termed  ''  hand-hole,'' 
will  be  sufficient.  This  should  follow  the  general  outline  of  figure 
151,  with  an  inside  diameter  of  12  by  15  and  1:2  inches  deep,  walls 
not  over  6  inches  thick.  In  many  cases  where  the  hand-hole  is  used 
to  end  a  lateral  to  a  building,  the  foundation  may  form  one  side 
of  the  hand-hole.  The  method  of  construction  is  the  same  as  for 
manholes.  It  is  desirable  to  have  only / one  size  for  each  maidiole 
and  hand-hole,  so  that  one  set  of  forms  Avill  do  for  each  type.  Where 
concrete  can  not  be  used,  recourse  may  be  had  to  brick,  or  in  emer- 
gency creosoted  plank  not  less  than  2  inches  thick.  Where  manholes 
are  jDlaced  in  street  or  other  traveled  thoroughfare  a  more  expensive 
construction  is  advisable,  shown  in  figures  152  and  153.  This  uses 
a  cast-iron  cover  of  somewhat  ditferent  design  adapted  to  withstand 
hea^■v  traffic.  The  dimensions  of  manhole  given  in  this  figure  are  not 
to  be  taken  as  standard.  The  type  to  be  adopted  depends  on  the 
number  of  ducts,  local  contours,  location,  etc.  In  this  figure  is  shown 
a  set  of  removable  foi  iiis  for  constructing  concrete  manholes  of  this 
character.  Where  a  number  are  to  be  constructed  of  one  size  it  will 
be  found  desirable  to  use  this  or  a  similar  set  of  forms.  These  should 
be  made  by  local  labor  of  rough,  serviceable  lumber. 

The  method  to  be  used  in  branching  from  a  main-line  conduit 
to  a  building  or  group  of  l)uildings  re(]uires  careful  thought.  AVhere 
the  lateral  is  of  sufficient  length  and  tlie  ininiber  of  pairs  requires 
a  paper  cable,  a  branch  line  of  duct  with  a  hand-hole,  as  shown 
in  figure  154,  should  be  used.  The  lateral  cable  in  this  case  car- 
i-ies  i^airs  for  3  telephones.  The  hand-hole  is  located  at  the  w^all  of 
the  central  one  of  the  group  and  the  cable  ends  in  a  cable  head,  as 
shown.  From  the  cable  head  single-]iair  cables  are  brought  down  to 
the  hand-holes  and  are  then  I'un  to  each  of  the  buildings,  being 
trenched  onlv  after  leavina"  the  hand-hole.     The  heiaht  of  the  cable 
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CONCRETE  MANHOLE    FORM 


PLAN  OF  FORM   ASSEMBLED 

Fig.  153. 
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head  above  the  oround  is  not  fixed,  but  usually  should  not  be  less 
than  12  inches.  In  some  cases  the  cable  head  may  be  placed  in  base- 
ments, under  porches,  inside  storehouses,  etc..  where  the  installation 
can  be  simplified.  The  method  of  figure  ir)4  should  be  followed 
when  the  lateral  is  300  feet  or  more  in  lenoth  and  more  than  one 
pair  is  required.     Where  the  distance  is  less  and  not  more  than  one 


'"  i 


pair  is  needed,  type  213  cable  should  be   used.     Connection   from 
nndero-round  to  aerial  cable  may  be  made  as  shoAvn  in  figure  155. 


PULLING    IN    CABLE. 


The  conduit  system  being  completed,  prepare  for  pulling  in  cable 
by  threading  a  rope  through  the  ducts.  This  may  be  done  by  means 
of  steel  wire  drawn  in  as  the  ducts  are  laid.     Where  fiber  conduit  is 
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used  it  is  possible  in  many  cases  to  push  this  wire  through  after  the 
hiving  is  completed.  Duct  rods  of  sections  3  or  4  feet  in  length  Avith 
coupling  devices  on  each  end  ma}^  also  be  Used.  In  emergency  use 
may  be  made  of  hard-wood  strips  one-eighth  by  1  inch  cross  section, 
notched  at  the  ends  and  spliced  together  Avith  iron  wire.  The  pull- 
ing-in  rope  is  now  attached  to  one  end  of  the  length  of  wire  or  rods 
in  the  duct  and  pulled  in.  Xow  place  the  cable  reel  near  manhole  on 
jacks,  as  shoAvn  in  figure  150. 

One  man  tends  the  leel  and  sees  that  the  cable  feeds  off  freely. 
The  man  in  tiie  manhole  directs  the  cable  into  the  duct  and  prevents 
injury  to  sheath  from  pulling  across  sharp  corners.  The  pu.lling-in 
rope  may  I)e  attached  to  cable  by  the  device  shown  in  figure  157, 
made  as  follows: 


Fig.  15(J. 

Place  a  block  of  wood  about  3  inches  wide  against  the  end  of  the 
cable;  cut  6-foot  lengths  of  number  10  or  1-2  B.  AV.  G.  steel  wire, 
using  the  rodding  wire  if  it  is  in  suitable  condition;  take  two.  three, 
or  four  of  these  wires,  depending  on  the  severity  of  the  pull,  and 
bunch  them  together,  bend  them  in  the  middle  on  the  block  of  wood, 
and  then  wi-ap  the  two  halves  spirally  around  the  cable  sheath  in 
opposite  directions,  twisting  the  ends  securely  together.  When  the 
])ull  of  the  rope  comes  on  these  wires,  they  bind  harder  on  each  other, 
on  (he  lead,  the  insulation,  and  the  conductors,  as  the  i)ull  grows 
harch'i-.  and  the  strain  is  e([ually  ilistributed.  The  seal  on  the  lead 
of  the  cable  is  not  broken,  and  no  water  can  get  to  the  insulation. 

Manila  roj^c  is  use<l  for  drawing  cable,  though  steel  rope  may  be 
used.  The  ends  of  the  rojic  should  be  fitted  with  an  eye  around  a 
steel  thimble  fastened  to  a  short  length  of  chain  with  a  swivel.  The 
swixcl  may  ha\e  a  ]r.uv  of  sister  hooks,  all  as  shown  in  figure  157. 
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If  the  cable  is  small 
and  run  short,  it  may 
be  pulled  in  by  hand. 
For    heavy    cables, 
winches,  windlass,  or 
horse   poAver   may   be 
used.    The  rope  should 
be  led  from  the  duct 
to  surface  over  pulleys 
when  the  depth  of  the 
manhole  makes  a   di- 
rect pull  inadvisable. 
Two  pulleys  on  shafts 
which  can  be  inserted 
in  any  of  a  number  of 
holes  in  two  channels 
are  used  for  this  pur- 
pose, the  lower  pulley 
being  placed  opposite 
the  duct  and  the  up- 
per at  a  height  suffi- 
cient to  carry  the  rope 
out    of    the   manhole. 
Enough     slack     cable 
should  be  left  in  each 
manhole    for  splicing 
and  placing  the  cables 
along  the  sides,  leav- 
ing  the   center   clear. 
After  drawing  in,  ex- 
amine  all   ends  care- 
fully to  see  that  the 
seal  is  intact.    Tavo  or 
even    three    cables    of 
the     sizes     commonly 
used  in  Signal  Corps 
work   may   be   pulled 
into  one  duct  if  drawn 
together.      Pulling   in 
a    second    cable    with 
one   already   installed 
should  be  avoided   if 
practicable. 

The  arrangement  of 
cables  in   manholes 


Fig.   157. 
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^-lioiild  be  carefully  planned  to  avoid  sharp  bends,  have  all  cables 
accessible  for  inspection  and  repair  and  keep  the  center  free  for 
future  operations.    The  cables  should  be  supported  on  the  side  walls 


^^^^^^\^^\^v??^^'?^'^.^r: 


by  hangers  or  supports  of  the  type  shown  in  tigure  158.  This  figure 
shows  the  ideal  arrangement  for  a  large  number  of  cables.  AVhere 
only  one  or  two  cables  are  in  place  they  may  be  supported  by  means 
of  pipe  straps  attached  to  wall  with  screws  and  expansion  anchors. 
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The  method  of  splicing  underground  is  the  same  as  for  aerial  cable. 
The  utmost  precautions  should  be  taken  to  prevent  access  of  moisture 
to  the  paper  core. 

Type  213  cable  may  be  run  into  the  bulding  through  basement  win- 
dow casing  or  other  opening  in  the  foundation  wall  as  may  be  most 
convenient.  It  will  in  all  cases  be  ended  on  a  2-foot  connecting 
block  to  which  the  inside  wiring  is  also  run. 

Accurate  record  of  conduit  routes  with  manholes  and  hand-holes  lo- 
cated, types  and  lengths  of  cables  used  indicated  should  be  made  as 
the  work  progresses. 

60240°— 11 16 
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Chapter  VIII, 
Methods  of  Testing, 
miscellaneous  tests. 

The  importance  of  testing  both  for  rerruLarly  ascertaininc:  the  con- 
dition of  the  lines  with  a  view  to  anticipatino-  breakdowns  and  as  a 
means  of  locating  faults  when  they  occur,  is  something  that  should  be 
recognized  by  all  officers  and  enlisted  men  on  duty  at  signal  corps 
installations. 

The  following  notes  on  cable  testing  and  the  location  of  faults 
where  accurate  instruments  are  not  available  will  be  found  of  great 
value  where  apparatus  nnist  be  improvised. 

The  extensive  use  of  short  subterranean  and  submarine  cables  for 
fire-control,  post-telephone,  and  submarine-mine  systems  generally 
makes  some  method  of  easy  testing  desirable.  Very  frequently  test- 
ing sets  are  not  on  hand.  If  so.  they  are  out  of  order  or  no  one  suffi- 
ciently skilled  in  their  use  for  location  of  faults  is  available.  By  far 
the  commonest  class  of  faults  is  that  due  to  defects  in  insulation.  It 
is  desirable  to  locate  these  in  sulmiarine  cables,  and  very  necessary  in 
case  of  nmltiple-core  cables  buried  in  trenches  or  drawn  into  con- 
duits, which,  of  course,  prevents  their  being  taken  up  for  examination. 

In  the  absence  of  better  instruments,  a  fairly  good  idea  of  the  insu- 
lation resistance  of  a  cable  may  be  arrived  a(  by  means  of  a  battery 
and  telephone  receiver,  as  follows : 

A  telephone  receiver  (T)  is  connected  with  the  battery  (B)  of  a 
few  cells,  the  latter  being  connected  with  the  cal)le  armor  at  C.  A 
well-insulated  wire  (/)  is  connected  with  the  other  terminal  of  the 
telephone  (fig.  159).  The  ends  of  the  conductor  are  prepared  and 
insulated  as  above  described.  "When  the  end  of  /  is  touched  on  the 
cable  conductor  a  click  is  heard  in  the  receiver.  If  after  about  one 
second  it  is  touched  again  and  no  click  is  heard  in  the  receiver,  the 
insulation  resistance,  if  one  cell  of  battery  is  used,  is  about  oO  meg- 
ohms; if  two  cells  of  battery,  100  megohms,  and  so  on  for  about  the 
proportion  of  cells. 

The  click  produced  on  first  contact  is  due  to  the  current  rushing 

in  to  charge  the  cable:  and  if  the  insulation  is  good,  in  one  second  so 

small  an  amount  of  this  chai'go  Avill  be  lost  by  leakage  that  little  or  no 

sound  will  be  produced  bj^  subsequent  contacts,  as  cable  will  still  be 
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charged.  Care  should  be  taken  that  wire  /  and  telephone  terminal 
attached  to  it  are  well  insulated,  otherwise  leakage  from  them  may 
give  false  indications. 

Having  found  the  faulty  conductors,  the  location  of  these  fauhs 
nniy  then  be  proceeded  witli  by  the  methods  suggested  below  (figs.  160 
and  IGl).  It  is  applicable  to  cables  having  two  or  more  similar  con- 
ductors, or  to  a  single  conductor  cable  when  both  ends  are  available, 
as  when  it  is  coiled  in  a  tank  or  on  a  reel.  It  is  the  Murray  loop  test 
with  a  "  slide  wire."  in  which  simple  relations  of  resistance  to  lengths 
exist,  owing  to  the  uniformity  of  resistance  along  the  wires  in  the 
cable  conductors  and  slide  wires,  respectively.  It  is,  in  fact,  a  com- 
bination of  several  well-known  instrument  methods. 


coe 


Fig.  159. 

To  prevent  serious  errors  care  must  be  taken  that  one  of  the  con- 
ductors in  this  test  has  sound  insulation. 

No  resistance  measurements  are  involved,  and  the  only  apparata 
required  are  a  few  cells  of  battery,  a  telephone  receiver,  and  from 
10  to  50  feet  of  bare  resistance  wire.  Of  this  latter  about  No.  28 
'•  Climax  "  or  "  S.  B."  wire  is  suitable.  However,  if  resistance  wire 
is  not  to  be  had,  fair  results  may  be  obtained  by  using  No.  36  bare  cop- 
per wire. 

First  taking  the  case  of  a  multiple-conductor  cable,  say  3,000  yards 
long,  in  which  there  is  one  or  more  conductors  with  defective  insula- 
tion and  at  least  one  good  one.  join  the  defective  one  to  be  tested  Avith 
the  good  one  at  the  distant  end.  Drive  two  small  bright  nails  (.1  and 
C  in  fig.  IGO)  and  convenient  to  the  terminals  of  the  conductors  at 
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the  testing  end  and  stretch  from  these  a  piece  of  the  resistance  wire 
around  another  nail  (Z>)  and  back,  making  each  equal  branch  of  the 
wire  A  D  and  C  D  of  such  a  length  as  to  be  some  exact  submultiple 
of  the  length  of  the  cable  being  tested.  For  exami^le,  have  each 
branch  of  the  wire  in  this  case  three  thousand  thirty-seconds  of  an 
inch  long,  or  -ff-  (03.75)  inches.  Join  one  of  the  two  nails  at  the 
end  of  the  cable  terminals  to  the  defective  cable  conductor,  the  other 
nail  to  the  good  conductor.  Join  one  terminal  of  the  telephone 
receiver  R  to  the  ground  and  the  other  terminal  to  a  short  wire,  which 
will  be  used  as  a  "  searcher."  Connect  a  few  cells  of  battery 
B  across  the  nails  to  which  the  cable  terminals  are  attached.  Now, 
putting  the  telephone  receiver  to  the  ear,  feel  along  the  resistance 
wire,  which  is  attached  to  the  defective  conductor,  with  the  searcher 
wire  attached  to  the  telephone.  A  point  G  will  be  found  wdiere  the 
frying  sound  produced  in  the  telephone  will  cease,  and  if  the  searcher 


-Y- 


if 
it 


B^ 


Fig.  160. 


wire  be  moved  either  way  from  this  it  will  again  become  audible. 
Mark  this  point  on  the  resistance  wire,  reverse  the  connections  of  the 
battery,  and  again  find  the  point  of  silence.  If  it  is  not  coincident 
with  the  first,  take  the  mean  positon  between  them. 

The  distance  of  this  point  6^,  in  thirty  ^seconds  of  an  inch,  from  the 
nail  r,  to  which  the  defective  cable  terminal  is  attached,  is  the  dis- 
tance in  yards  from  the  cable  terminal  to  the  fault. 

It  is  evident  that  for  short  cables  greater  accuracy  is  secured  by 
taking  larger  representative  units  in  proportion  for  the  resistance 
wires.  For  example,  if  the  cable  were  1,250  yards  long,  the  units  on 
the  resistance  wires  could  be  sixteenths,  and  the  wires  be  convenient 
in  length:  iffA=78^  inches. 

Care  should  be  taken  to  stretch  the  resistance  wires  evenly  and  not 
wrap  the  loose  ends  back  on  the  stretched  portion,  as  that  would  de- 
stroy the  uniformity  of  resistances  throughout  the  length  on  which 
the  assumed  proportion  depends. 


ELECTRICAL   INSTRUMENTS   U.    S.   SIGNAL  CORPS,  245 

In  testinof  a  defective  sincle-condnctor  cable  the  two  ends  are  joined 
to  the  resistance  wire,  as  just  stated,  the  whole  length  of  the  resistance 
wire  being  in  some  simple  proportion  to  the  length  of  the  cable. 

For  example,  if  the  cable  is  1,980  yards  long,  the  whole  length  of 
the  resistance  wire  would  be  ^|f^  or  -ff  inches,  as  desired — the 
greater  length  giving  the  result  with  greater  accuracy.  It  will  be 
readily  seen  that  this  and  the  former  case  are  identical,  as  the  "  loop  " 
formed  by  joining  the  distant  ends  of  two  multiple  conductors  is  in 
this  case  replaced  by  the  "  loop  "  of  the  single  conductor 

The  method  of  securing  ends  of  wires  by  nails  is  given  to  show 
with  what  ease  and  simplicity  the  necessary  parts  for  the  test  may 
be  set  up.  But,  even  roughly  and  hastily  set  up,  the  test  will  locate 
faults  with  surprising  accuracy  if  a  sufficient  length  of  resistance 
wire  be  used  to  eliminate  small  accidental  irregularities  in  attach- 
ments of  wires. 

The  test  is  a  simple  application  of  the  Wheatstone  bridge  principle. 
It  may  be  of  interest  to  trace  this  out  (fiig.  161). 

A  K  and  C  K  are  the  two  cable  conductors  joined  at  the  distant 
end  K.  The  lower  one  is  defective  at  some  unknown  point  H.  The 
resistance  wire  A  D  C  I'S  joined  up  as  shown  with  the  cable  conductors 
and  battery  B.  The  point  of  silence  in  the  telephone  is  found  at  G. 
The  Wheatstone  bridge  relation  of  resistances  then  exists  in  the 
lengths  of  the  wire,  X :Y wE \F .  And  since  these  resistances  are 
along  uniform  wires  the  same  relations  exist  between  lengths  as 
between  resistances.  Consequently  E  can  be  read  otf  directly  in  the 
terms  of  X  if  the  lengths  A  D  and  C  D  are  laid  off  numerically  equal 
to  A  K  and  C  K. 

The  foregoing  method  involves  no  computation.  It  is  evident  from 
the  above  proportion  that  if  the  entire  length  of  resistance  wire  were 
made  some  even  number  of  any  convenient  unit  (say  sixteenths  of  an 
inch)  that  a  substitution  of  values  in  the  proportion  would  give  the 
distances.  For  example,  if  the  resistance  wire  had  a  length  of  1,000 
and  balance  were  found  at  432  from  the  end  to  which  the  faulty  con- 
ductor was  attached,  the  distance  to  the  fault  would  be  432/1,000  of 
the  entire  length  of  the  conductors,  or  432/1,000X2  of  the  length  of 
the  cable  from  the  testing  point. 

By  this  method,  involving  simple  computations,  the  same  wire 
stretched  on  a  convenient  board  may  be  used  for  all  measurements. 
It  becomes  in  effect  an  ohmmeter. 

If  more  than  one  faulty  place  exists  in  the  conductor,  the  test  Avill 
give  approximately  the  mean  position.  So,  having  made  the  test  and 
cut  the  cable  at  the  indicated  place,  test  both  ways  to  ascertain  if  both 
parts  are  not  defective.  If  sound  toward  either  station,  the  fault 
should  be  relocated  in  the  defective  part. 
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It  will  probably  be  found  near  the  position  of  the  first  cut  and. 
having  allowed  a  reasonable  percentage  error,  on  the  second  cut  it  is 
highly  prol)able  the  faulty  section  will  be  cut  off.  It  has  been  found 
that  generally  the  error  of  determination  will  fall  within  1  per  cent. 

A  word  may  be  said  regarding  the  telephone  receiver  as  a  detector 
of  feeble  currents.  It  is  much  more  sensitive  than  the  average  piv- 
oted galvanometer  and  will  stand  infinitely  more  abuse.  However, 
in  noisy  places  the  galvanometer  may  be  substituted  for  the  telephone 
in  this  test  to  advantage. 

If  the  fault  has  a  high  resistance,  so  that  the  four  or  five  cells  of 
battery  permissible  in  the  manner  of  connecting  shown  in  diagram 
can  not  send  sufficient  current  through,  then  some  form  of  rather 
sensitive  galvanometer  becomes  necessary  Avith  the  increased  battery 
and  change  of  connections  required.  In  place  of  the  battery  in  figure 
1()0,  connect  the  galvanometer.  In  place  of  the  telephone  receiver, 
connect  a  battery  of  from  20  to  100  cells  in  series.     Then  proceed  as 


with  the  telephone  receiver,  noting  that  for  each  break  or  irregularity 
of  contact  of  the  searcher  wire  there  may  be  a  kick  of  the  galvanom- 
eter, due  to  capacity  or  inductance  of  the  current,  and  that  balance 
is  obtained  only  when  the  galvanometer  shows  no  deflection  when  the 
searcher  wire  is  at  rest.     (Fig.  1()1.) 

A  fault  in  a  single  conductor  cable,  or  one  involving  all  the  con- 
ductors of  a  multiple  cable,  may  be  located  if  two  additional  wires 
of  sound  insulation  between  the  points  connected  by  the  faulty  cable 
are  available. 

As  the  lengths  and  resistances  of  these  wires  are  immaterial,  tem- 
porary or  roundabout  wires  may  be  utilized. 

The  method  of  procedure  is  as  follows:  Stretch  a  single  piece  of 
resistance  wire  A  B  (figures  162  and  163)  whose  length  is  some  even 
number  of  parts,  say  1,000  sixteenths  of  an  inch.  The  two  sound  out- 
side wires  /  and  A'  and  the  defective  one  L  arc  connected  at  the  dis- 
tant end.     The  galvanometer,  battery,  and  searcher  are  connected,  as 
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Call  the 


shown  in  figure  102,  and  the  point  of  balance  obtained 
reading  A   from  the  point  C. 

Then  connect  up  as  in  figure  1G3.  joining  the  battery  to  earth  or  to 
the  cable  sheath.     If  the  fault  appears  as  a  leak  between  two  adja- 


FiG.   162. 


cent  wires  of  the  multiple  cable,  the  lower  end  of  the  battery  should 
be  joined  to  the  other  faulty  wire  instead  of  the  cable  sheath  or 
ground. 


Fig.  163. 


When  balance  is  obtained,  note  the  reading  on  the  resistance  wire 
from  point  C.    Call  it  A'.    Then  if  length  of  faulty  conductor  is  L 

A' L 
feet,  the  distance  of  the  fault  from  C  is  — -r-  feet. 
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This  method  is  particuhirly  applicable  to  paj^er  cables  where  a  leak 
has  made  the  insulation  of  all  the  conductors  faulty. 

Loedtioii  of  hreal'  in  rondurf or.— The  method  ap]-)licable  when  the 
wire  is  broken  inside  the  insulation,  leaving  the  latter  intact,  is  given 
below.  This  is  the  character  of  the  fault  generally  produced  when  a 
conductor  parts  in  a  paper  cable.  Owing  to  the  small  capacity  of  this 
kind  of  cable  the  metliod  is  useful  because  of  the  practical  difficulty 
in  getting  correct  capacity  values  by  galvanometer  methods  in  small 
lengths  of  this  cable. 

The  connections  for  the  test  are  the  same  as  that  described  in  figure 
IGl,  except  the  telephone  receiver  is  used  in  place  of  the  galvanometer. 
The  point  ff.  instead  of  representing  a  fault  in  insulation,  in  this  case 
represents  the  location  of  a  break  in  the  wire.  It  is  best  to  use  quite  a 
number  of  cells,  say  20  or  30,  if  available.  The  battery  circuit  is 
reversed  and  interrupted  rapidly  Avhile  a  point  is  sought  with  the 


FIG.  164. 


searcher  along  the  resistance  wire  where  the  clicks  are  no  longer  heard 
in  the  receiver.  AMien  this  j^oint  of  balance  is  reached  the  distance 
to  the  break  is  then  read  off  on  the  scale  along  the  resistance  wire 
from  C  to  the  point  G,  as  explained  in  locating  insulation  faults.  In 
this  case  the  point  G  is  in  the  corresponding  position  on  the  upper 
wire. 

In  the  last-named  test  an  interrupted  current  of  rather  high  voltage 
is  required.  A  method  of  getting  this  with  only  two  dry  cells  is  to 
take  a  local  battery  telephone  induction  coil  (/  in  the  figure)  and 
attach  it  to  a  wooden  base,  together  Avith  an  ordinary  small  metal 
buzzer  ".^.*' 

The  connections  are  as  shown  in  figure  164.  AMien  the  battery  is 
connected  the  buzzer  sends  a  vibratory  current  through  the  ])rimary 
coil.  A  vil)ratory  current  of  much  higher  voltage  is  induced  in  the 
secondary,  and  this  is  utilized  in  place  of  the  battery  currents,  as 
shown  in  the  foreffoinir  tests. 
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THE  VOLTMETER  AND  AMMETER. 

On  land  telegraph  lines  and  the  apparatus  connected  therewith  the 
electrical  units  Avith  which  we  are  usually  concerned  iu  measurements 
and  tests  are  those  given  in  Ohm's  law — the  current  in  amperes  equals 
the  electromotiA^e  force  in  volts  divided  by  the  resistance  of  the  cir- 
cuit in  ohms;  expressed   algebraically   C=-^.     The  galvanometer,  in 

one  or  the  other  of  its  forms,  uieasures  current.  AVhen  of  low  resist- 
ance and  graduated  properly,  it  is  called  an  amperemeter  or  ammeter. 
When  of  high  resistance,  since  the  current  flowing  through  it  is  prac- 
tically independent  of  the  relatively  small  variations  of  outside  re- 
sistance, the  galvanometer  readings  are  directly  proportional  to  the 
electromotive  force  E.  And  when  properly  graduated  it  becomes  a 
voltmeter.  The  ammeter  and  voltmeter,  on  account  of  portability  and 
quickness  and  accuracy  wath  which  readings  are  taken,  are  very  sat- 


FiG.  165. 

isfactory  instruments  for  telegraph  testing.     It  is  evident  if  C  and 
E  are  measured  by  an  ammeter  and  voltmeter,  respectively,  that  R 

becomes  known— for  Ohm's  law  may  be  written  J?=-=^.   For  example, 

if  we  connect  the  ammeter  .1,  battery  B^  and  a  resistance  coil  C 
together,  as  in  figure  1G5,  we  may  read  the  current  flowing.  The 
small  current  commonly  used  in  telegraphy  is  conveniently  expressed 
in  milliamperes,  and  the  ammeter  graduated  for  these  is  called  the 
milli-  or  mil-annneter.  If  we  attach  a  voltmeter  V  to  the  terminals  of 
the  resista)ice  coil  C,  it  will  giA'e  the  difference  of  potential  (E  M  F) 
produced  at  these  two  points  by  the  current  flowing  between  them. 
Suppose  the  milliammeter  reads  28  milliamperes   (0.028  ampere) 


E 


4.23 


and  the  voltmeter  4.23  volts.     Substituting  ini?=-^„  Il=-^r^  =  \h\ 

ohms.  The  general  rule  in  connecting  up  the  ammeter  and  voltmeter 
for  such  measurements  is  to  put  the  annneter  in  the  circuit,  and  the 
voltmeter  shunting  the  part  of  the  circuit  whose  resistance  is  desired. 
The  practical  use  of  the  instruments  in  testing  telegraph  lines  is 
given  below. 


250 


ELECTRICAL  INSTRUMENTS  U.  S.    SIGNAL   CORPS. 


The  theoretical  connections  are  >h()\vn  in  figure  l(>i),  the  voltmeter 
being-  connected  in  shunt  to  line  and  ground,  and  the  milliammeter 
in  series  in  the  circuit.  The  correspondence  of  this  with  figure  1G5 
will  be  noted.    The  practical  connections  are  shown  in  figure  K'lT. 

A  portable  voltmeter  reading  to  200  volts  (T^).  and  milliammeter 
reading  to  150  niillianiperes  (^1),  are  mounted  on  a  board  and  con- 


Hf/£ 


Fig.  166. 


■"5^!?^!^ 


nected  wnth  the  regular  switchboard  cord  and  Avedge,  a.s  shown,  the 
other  terminal  of  the  voltmeter  being  connected  Avith  the  ground. 

AMien  the  wedge  is  inserted  in  any  line  spring  jack,  the  annneter  is 
connected  in  the  circuit  and  the  voltmeter  shunted  to  the  ground,  as 
shown  in  figure  107.    The  deflections  of  the  ammeter  and  the  voltmeter 


thus  give  6' and  ^in  the  fornnda  C= 
known. 


F. 


and  the  third,  (i?),  becomes 


ro  Gjpoc^o 


Fig.  167. 

To  test,  cut  oil'  battery  at  most  tlisiant  station,  ground  line,  and 
take  readings.  Now  open  the  key  for  a  few  seconds  and  take  a  second 
set  of  readings.  Repeat  this  process  Avith  all  stations  up  to  the  near- 
est one.  The  readings  with  stations  grounded  give  resistance  of  line 
(including  relay)  to  each,  while  readings  with  the  kcA's  opened  would 
give  the  insulation  resistance  to  each. 
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The  following  instructions  show  some  methods  of  using  the  voUmeter 
alone  for  various  measurements  when  the  annneter  is  not  available: 

THE  voltmetp:r   ((>-5,  0-150  volts  pattern). 

This  instrimient  is  a  galvanometer  of  the  D'Arsonval  class,  in  which  a 
pivoterl  coil,  controlled  by  a  spiral  si)ring  tnrning  in  jeweled  bearings, 
carries    a    light    alnniinnni    pointer  , 

moving     over     an     eqnally     divided 
scale. 

This  coil  tnrus,  when  a  cnrrent 
passes  through  it,  in  the  strong  field 
between  the  poles  of  a  powerful  per- 
manent magnet.  In  the  base  are 
two  resistance  coils,  one  or  the  other 
of  which  is  always  in  series  with 
the  movable  coil,  depending  upon  which  scale  is  used — the  1.jO  or  5  volt  scale. 

VautioH. — To  prevent  bending  the  pointer  by  violent  action,  always  test  first 
with  the  l.")0-volt  scale.  If  the  pointer  indicates  less  than  5  volts,  use  the  other 
binding  post  and  take  advantage  of  the  greater  accuracy  of  the  S-volt  scale. 


16S. 


Fui.   16i). 
TO    TEST    THE    VOLTA(,E    OF    A    HATTERY    OF    A    NIMBEK    OF    CELLS. 

Use  the  150-volt  scale  and  connect  up  as  shown  (fig.  168). 
For  not  more  than  3  sal  ammoniac,  4  bluestone,  or  2  storage  cells  in  series 
use  the  5-volt  scale. 


Fig.  170. 


TO   MEASURE  THE  DIFFERENCE  OF   POTENTIAL    (  PRESSURE)    BETWEEN   ANY   TWO   POINTS 
OF    A    WIRE    OR   EXTREMITIES    OF    A    COIL    CARRYING    A    CURRENT. 

The  connections  indicated  in  figures  169  and  170  would  give  the  differences  of  po- 
tential at  the  two  points  on  the  wire,  or  at  the  extremities  of  the  coil,  respectively. 
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TO    MKASVKE    A    RESISTANCE. 


To  measure  a  resistance  less  than  3,000  ohms  use  two  or  three  dry  or  Gonda 
cells  in  series,  get  their  voltage,  using  the  5-volt  scale.  Call  this  V.  Then  con- 
nect up  with  the  unknown  resistance  X  (fig.  171).  as  shown,  and  call  this  scale 
reading  V. 

The  resistance  of  the  voltmeter,  using  5-volt  scale,  is  given  in  the  sliding  cover 
of  box.     Call  this  R. 

Then 

R  (  V-T) 

r 


A'= 


This  is  very  inaccurate  for  resistances  of  only  a  few  ohms  unless  the  resist- 
ance of  the  batterj'  is  taken  into  account. 

In  measuring  resistances  from  3,000  to  250,000  ohms  use  the  150  scale,  noting 
the  value  of  R  given  on  the  cover  for  this.  The  same  connections  and  formula 
are  applicable. 


^'|l|^^ 


To  secure  greater  accuracy  in  either  of  above  cases,  the  battery  should  have 
suflBcient  E  M  F  to  bring  the  value  of  T"  as  near  5  or  150  as  practicable. 

Example. —  (1)  Using  5-volt  scale.  Resistance  to  be  measured  (A)  is  an 
ordinary  telegraph  relay  magnet. 

Suppose  R=i)20.  Three  cells  dry  battery  in  series  give  1=4.35  volts.  When 
.Y  is  connected  in,  y=8.40. 

Then 


A'= 


520  (4.35—3.40) 
3.40 


=  146  ohms. 


(2)  Using  150-volt  scale.  Determine  the  insulation  resistance  of  110-volt 
storage  battery  (leakage  from  either  pole  of  battery,  or  its  connections,  to 
earth). 

Suppose  R  for  this  scale=l.">..j00  ohms.  Voltage  across  terminals,  V=110 
volts;  voltage  between  one  of  the  terminals  and  earth   (  r')=12  volts. 


A'= 


15,500  (110—12) 
12 


=  126,583  ohms. 


This  would  indicate  a  slight  leak,  probably  at  or  near  the  negative  end  of 
battery  if  the  tests  were  made  at  the  positive  terminal. 

If  some  coils  of  known  resistance  are  available,  resistances  can  ln'  measured 
more  accurately  as  follows: 

The  known  coil  and  the  resistance  to  be  measured,  marked  respectively  r 
and  X,  are  connected  with  each  other  and  a  battery,  as  shown  (fig.  172).    The 
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voltmeter  is  couuected  first  as  indicated  by  tlie  full,  aud  theu  as  by  the  broken 
lines.     If  the  voltage  indicated  in  the  first  case  is  E  aud  in  the  second  it  is  E', 


E:  E'  -.-.r-.x. 


EW 
E- 


Use  enough  battery  to  make  a  good  readable  deflection,  aud  if  several  known 
coils  are  available  use  the  one  which  is  somewhere  near  the  resistance  to  be 
measured. 

Example. — Known  coil,  10  ohms.  \'oltmeter  shunting  this  gave  3.2  volts,  and 
shunting  the  unknown  gave  4.7  volts.     Hence 

X  =1:^1^=14.  7  ohms. 


Fig.  172. 
to  measure  current  with  the  voltmeter. 

If  we  know  the  resistance  of  a  wire  or  coil,  aud  have  a  steady  current  flowing 
through  it,  the  voltmeter  wires  applied  at  the  terminals  of  the  wire  or  coil  will 

E 

give  a  certain  deflection,  E.    Hence,  .since  <^'  =-^ ,  if  we  substitute  for  E  and  R 

the  known  values  we  get  C.     (Connections  shown  in  figs.  169  and  170.) 
Example. — A  certain  current  is  flowing  through  a  4-ohm  telegraph  sounder. 

When  the  wires  from  the  voltmeter    (5-volt  scale)   are  connected  at  sounder 

binding  posts,  the  voltmeter  indicates  0.8  volt. 
Substituting  as  above, 

C  =^=.2  ampere. 
4 

TO    MEASURE   THE   INTERNAL    RESISTANCE   OF   A   BATTERY. 


Using  the  5-volt  scale,  first  take  the  voltage  of  the  cell.  Then  take  the  voltage 
at  the  terminals  of  a  coil  of  rather  low  resistance  (a  4-ohm  sounder,  for  in- 
stance), in  circuit  with  the  cell   (fig.  170).  being  careful  not  to  close  batterv 
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circuit  uiilil  ready  to  read  the  voltmeter.  Multiply  tlie  voltage  of  tlie  cell  by 
the  resistance  of  the  coil  and  divide  by  the  voltage  at  terminals  of  coil.  From 
the  result  substract  the  resistance  of  the  coil.  The  remainder  is  the  internal 
resistance  sought. 

Example. — The  voltage  of  a  dry  cell  is  1.41,  and  the  voltage  at  terminals  of 
4-ohm  sounder  in  circuit  with  the  cell  is  1.24. 

1.41  X  4-^1.24  =  4.5. 

4.0  —  4  =  .")  ohm,  internal  resistance  of  cell.  Care  must  be  taken  to  read 
voltmeter  quickly  after  closing  the  circuit  through  coil,  or  the  result  will  be 
vitiated  by  the  polarization  of  the  cell. 

THE    AVHEATSTONE    liRIDGE. 

This  has  long  maintained  its  position  as  the  best  means  for  measur- 
ing resistances,  and  in  one  or  the  other  of  its  various  forms  can  be 
used  for  a  great  range  of  measurements. 


Fig.   17.S. 

The  "  fall-of-potential "  priiu'i])le  is  a])|)]io(l.  which  may  be  ilhis- 
trated  as  follows  (fig.  173)  : 

If  a  current  is  flawing  along  a  wire  in  the  direction  of  ^i  B,  and 
the  terminals  of  a  voltmeter  T'  are  applied  at  .1  and  B.  a  certain 
potential  ditl'erence  l)otween  these  points  will  be  indicated:  that  is, 
there  will  be  a  fall  of  potential  from  .1  to  B.  which  will  be  uniform 
if  the  wire  is  of  uniform  resistance.  This  may  be  represented 
graphically,  for  if  the  height  of  .1  C  represents  the  total  ditierence 
of  potential,  and  the  line  C  B  represents  the  fall  of  this  to  B  along 
the  uniform  Avire,  then  at  any  point,  say  at  A',  the  height  D  E  Avill 
represent  the  potential  difference  between  B  and  E,  Avhich  is  propor- 
tional to  the  length  of  wire  or  resistance  remaining. 

If  we  take  a  circuit  divided  at  A  (fig.  174).  the  fall  of  potential 
along  the  wire  .4  E  B  is  equal  to  that  along  the  wire  .1  G'  B :  and 
having  passed  over  a  certain  proportion  of  the  total  resistance  .1  E  B, 
if  we  join  the  point  PJ  through  the  galvanometer  (voltmeter)  with  a 
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point  G\  Avhere  the  same  proportional  part  of  resistances  ^1  G'  B 
have  been  passed  over,  E  and  G'  will  be  of  the  same  potential,  and 
no  current  Avill  pass  through  the  galvanometer.  It  can  be  proven  that 
Avhen  the  resistances  of  the  divided  circuit  bear  this  proportion — ■ 
A  E  :  A  G^  :  :  E  B  \  G'  7?— the  points  E  and  G'  are  at  the  same 
potential  with  respect  to  each  other  and  the  galvanometer  will  not  be 
deflected. 


The  relation  of  parts  in  the  conventional  diagram  of  the  AVheat- 
stone  bridge  (fig.  175)  will  now  be  aj^parent.  If  the  resistance  in  the 
coils  of  ^1  and  B  are  equal  or  bear  any  other  simple  numerical  rela- 
tion, then  the  same  numerical  relation  exists  between  R  and  A',  and  if 
R  be  a  box  of  known  resistance  coils,  X,  the  unknown  resistance, 
becomes  known  from  the  above-stated  relation  A  :  B  :  :  R  :  X. 


Fig.   175 


If  we  straighten  out  .1  and  B  and  bend  up  R  into  compact  form, 
put  keys  into  the  galvanometer  and  battery  circuits,  we  shall  have  the 
diagram  of  the  ordinary  or  "post-office"  form  of  the  bridge  (fig. 
177).  The  resistance  in  the  "balance  arms"  A  and  B^  and  in  A'  are 
short-circuited  by  inserting  the  plugs,  and  they  are  introduced  by 
withdrawing  the  plugs.  The  galvanometer  now  most  usually  em- 
ployed is  some  sensitive  form  of  the  suspended-coil  type. 

The  simplest  measurement  is  made  with  A  and  B  equal.  Start  out 
with,  say,  .1  and  B  100  ohms  each.     Then  connect  up  the  terminals 


256 


ELECTRICAL  INSTRUMENTS    U.   S.    SIGNAL  CORPS. 


of  the  unknown  resistance  A'  ("Z^?ie"  and  ''''ground''-),  and  closing 
the  battery  key,  tap  the  galvanometer  key.  There  being  no  resistance 
unplugged  in  R.  the  galvanometer  needle  will  be  deflected  to  the  side 
indicating  "too  small"  for  R.  Xow  unplug  in  R  and  test  until  the 
right  amount  is  unplugged  in  R  to  get  a  balance  or  no  deflection. 


1000       100       10 


I  I  I 


///?< 


«0  100       1000 


I  — *••• . 


;g^ 


I        I       I!     I     \l       I       I 


I    I'  I     I 


"'\!iy/' 


'^^_ 


Fk;.   Vi 


Always  close  battery  key  before  galvanometer  key  and  open  galva- 
nometer key  first;  then,  since  A^=B,  R=X.  If  fractional  ohms  are 
to  be  obtained,  ^1  must  be  10  or  100  times  greater  than  B ;  then  R  is  10 
or  100  times  greater  than  A'.  Likewise,  if  A'  is  greater  than  can  be 
obtained  by  unplugging  in  R,  then  make  B  the  greater  and  it  reverses 


Fir..   177. 

the   multiplier.     Practice  and  care  are  requisite  to  obtain  accurate 
results. 

In  measuring  resistances  of  a  telegraph  line  be  certain  all  line  bat- 
teries are  disconnected  befoi-e  making  the  measurement.  The  line  is 
connected  with  one  of  the  A'  binding  posts,  the  ground  to  the  other. 
(See  fig.  170.) 
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Many  modifications  of  this  form  of  bridge  are  in  use.  Some  are 
arranged  so  the  plugs  are  inserted  at  the  points  where  the  introduc- 
tion of  resistance  marked  is  desired. 

One  of  the  familiar  forms  in  which  the  bridge  is  made  for  labora- 
tory use  is  shown  in  figure  177.  In  this  the  resistances  are  introduced 
by  taking  out  plugs.  The  further  row  of  strips  are  for  the  A  and  B 
arms,  the  other  rows  constituting  the  R  arm.  The  keys  are  for  intro- 
ducing battery  and  galvanometer  into  circuit. 

The  following  graphical  demonstration  of  the  stated  proportion- 
ality of  the  resistances  in  the  four  arms  of  the  Wheatstone  bridge 
when  balance  is  obtained  is  of  interest  in  connection  with  the  fore- 
going : 


O^mS 


Lay  off  A  B  to  represent  the  resistance  in  the  upper  branch  of  the 
bridge  (fig.  178)  and  .1  F  to  represent  resistances  in  the  lower.  Let 
A  C  represent  the  difference  in  potential  between  the  two  ends  of  the 
bridge,  and  draw  lines  C  B  and  C  F.  These  are  the  "  fall  of  poten- 
tial "'  lines  along  the  upper  and  lower  branches  respectively. 

A  horizontal  line  H  D  touches  points  H  and  D  at  the  same  poten- 
tial. These  projected  on  lower  lines  represent  the  points  of  galva- 
nometer connection.  The  resistances  passed  over  in  lower  and  upper 
branches  to  reach  these  points  of  equal  potential,  measured  on  the 
loAver  line,  are  A  G  and  A  E. 

Similar  triangles  give  these  proportions: 


CD 

:D  B  : 

:AE 
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G  H 
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F  and  B  being  at  the  same  point  in  the  conventional  diagram  of  the 
bridge  (fig.  174).  the  hist  proportion  will  be  seen  to  be  identical  with 
that  accompanying  that  figure. 

The  wide  range  of  resistances  that  can  be  measured  with  a  Wheat- 
stone  bridge  has  caused  it  to  l)e  likened  to  a  pair  of  scales  which  may 
be  converted  from'  hay  scales  to  a  chemical  balance.  It  has  been 
noted  that  when  the  "balance  arms"  are  equal  the  resistances  of 
standard  coils  and  measured  resistances  are  equal;  and  by  changing 
the  ratio  of  these  balance  arms,  which  correspond  to  shifting  the  ful- 
crum in  the  steelyard,  the  standard  resistance  may  be  made  to  bear 
any  desired  ratio  to  the  measured  resistance. 


Fig.   171». 


ELECTRICAL    IXSTRIMEXT    CASE. 


The  electrical  instrument  case  is  shown  in  figure  179. 
It  consists  of  a  strong  oak  box  containing  the  necessary  apparatus 
for  making  the  stnndartl  tests.    The  efpiipment  includes: 

A  iiort:iI)lo  rcfhM-t  hit:  ,ir:il\"aiumii'tcr  \\\\\\  Iriiiod. 

A  capacity  t(>stiii,t;  set. 

All  insulation  testing  set. 

An  olunniotcr. 

An  inspector's  jioclcet  kit. 

A  niicrouieter  caJiiicr. 

Service  testing  battery. 

Spare  parts. 

Instruction  uienioraiula. 
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The  apparatus  contained  in  it,  with  the  exception  of  the  inspector's 
pocket  kit,  service  testing  battery,  micrometer,  and  ohmmeter,  is 
intended  for  special  testing  onlj'. 

Each  case  is  supplied  with  a  complete  line  of  spare  parts,  making 
it  possible  to  repair  any  instrument  contained  in  the  case,  so  that  no 
delay  in  testing  can  be  excused  because  of  defective  instruments. 


FRONT 


Thin  cJotti  glued 
tv  this  before  scremn^c 


DETAILS  OF  CLAMP 


Fig.  180. 


These  cases  are  never  used  where  tools  are  not  available,  but  it  is 
assumed  that  they  will" frequently  be  used  at  points  remote  from  the 
instrument  repair  shop.  The  data  herein,  together  wnth  the  descrijD- 
tive  matter,  which  forms  a  part  of  the  case,  cover  all  the  necessary 
information  for  making  emergency  repairs.  In  addition  to  the 
standard  list  of  parts,  shown  on  page  258,  the  case  should  always  be 
supplied  with  an  ample  quantity  of  cable  blanks  and  cable  tags. 
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THE    GALVANOMETER. 

A  reflecting  D'Arsonval  galvanometer  is  supplied,  arranged  for 
mounting-  on  a  tripod.  It  is  provided  viith  a  short  insulated  telescope 
arm  and  an  optical  system,  which  magnifies  the  image  of  the  scale. 
Owing  to  this  magnification,  it  is  necessary  to  mount  the  instrument 
on  a  solid  floor  or  to  provide  against  jars  while  testing,  which  tend  to 
nudve  the  image  indistinct. 


Fig.  181. 

As  in  all  the  instruments  of  this  type,  the  frame  is  on  one  side  of  the 
circuit,  and  the  tripod  legs  should  be  wii)ed  thoroughly  (h'y  hefort- 
making  a  test.     This  ])recautionarv  measure  should  always  be  taken. 

The  .sensibility  of  this  insti'ument  is  3()()  megohms.  This  is  deter- 
mined by  the  fact  that  one  volt  through  one  megohm  will  deflect  the 
mirror  oOO  scale  divisions.  Figui'e  180  shows  tb.e  construction  of  this 
instrument. 

100,000-0 II. u  Hox. 

The  100.000-ohm  box  is  a  circular  rubl)er  case  having  mounted 
therein  10  coils  Avound  with  No.  40  B.  &  S.  manoanin  wire.     Should 
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trouble  occur  with  this  device  the  proper-sized  wire  will  be  found  in 
the  spare-parts  case.  This  box  is  held  together  with  two  screws. 
(Fig.  181.) 

COMBINED    SHUNT    AND    KEY. 

This  shunt  and  key,  or  button,  takes  the  place  of  the  usual  Ayrton 
shunt,  battery,  key,  and  short-circuit  key.  Its  connections  and  gen- 
eral construction  are  shown  in  tiaure  18-J. 


NO  ZO  B»S  Phosphor  Bronze 


'-  Kubber 
covered 


Fig.   182. 

The  key  is  provided  with  a  bayonet  joint.  The  shunt  should  always 
l)e  on  0.0001  at  the  beginning  of  the  reading,  and  the  lower  button  is 
then  turned  until  a  readable  deflection  is  obtained. 

The  button  B  controls  the  battery,  and  the  button  S  controls  the 
shunt. 

This  method  of  operating  the  galvanometer  insures  against  sudden 
heavy  currents,  and  consequent  violent  disturbance  of  the  moving 
system  incident  to  low  insulation,  and  dispenses  with  the  short-circuit 
key. 
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STANDARD    CONDENSER, 

The  standard  condenser  set  consists  of  a  one-third  microfarad  non- 
adjustable  condenser,  with  a  key  for  its  operation,  and  the  necessary 
bindinir  posts  and  phigs,  as  shown  in  figure  183.  Its  connections  are 
also  shown  in  the  figure.  By  moving  the  switch  S  to  the  right  either 
the  cable  or  condenser  may  be  charged,  depending  on  the  location  of 
tlie  i)lug.  The  condenser  is  best -grade  mica,  with  resin  and  beeswax 
fillinir. 


^,, 

Ttn^  o 

m 

u 
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SERVICE-TESTING    BATTERY, 

The  service-testing  battery  consists  of  100  cells  of  small  dry  bat- 
teries.    (Fig.  184.)     They  should  be  examined  once  a  month. 

The  battery  is  tapped  for  5,  10,  25,  50,  75.  and  100  cells.  AVhen 
new  it  should  give  an  E  M  F  between  140  and  150,  and  should 
not  drop  below  100  within  a  year,  "When  certain  cells  show  dete- 
rioration, they  should  be  removed  and  the  circuit  restored.  New  cells 
throughout  should  be  requisitioned  for  when  a  majority  of  the  cells 
show  discoloration  and  the  voltage  of  the  whole  battery  is  under 
80  with  all  connections  in  good  order  and  the  poorest  cells  cut  out. 

Care  must  be  taken  to  keep  the  batteiy  connections  clear  of  short 
circuits,  as  the  high  voltage  of  these  small  cells  will  cause  a  heavy 
current  to  flow  and  ruin  the  battery  very  quickly  if  connected  to  a 
circuit  of  low  resistance. 


ELECTRICAL   INSTRUMENTS  U.    S.    SIGNAL  CORPS. 


263 


OHMMETER  MODEL,   1904. 

The  ohmmeter  furnished  with  this  case  is  a  compact  form  of  the 
original  model  ohnnneter.  The  variable  resistance  is  wound  on  a 
cylinder  so  arranged  as  to  be  divided  into  1,000  equal  parts  by  a 
horizontal  scale  of  '20  equal  parts  and  a  drum  scale  of  50  unit  parts. 
The  reading  obtained  from  the  stylus  is  arbitraiy,  and  reference  is 
had  to  the  table  in  the  cover  of  the  instrument  for  the  actual  resist- 


0Q® 


^3 


'      ('^/p  'i/l    I  \   '  ;i|  ,    I     ,     /  Cherry  bo<ird,  poliz.hrd 
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SECTION 
Fig.   184. 


ance  corresponding  to  any  given  position  of  the  stylus.     (See  fig. 
185.)     The  battery  key  has  a  bayonet  catch. 


METHODS   OF  USING    ELECTRICAL   INSTRUMENT    CASE. 

The  tester  should  have  at  least  two  assistants.  One  should  be  a 
man  familiar  with  electrical  apparatus.  Two  men  should  be  used  to 
transport  apparatus.  If  both  ends  of  the  cable  to  be  tested  may  be 
readily  reached  by  the  entire  party,  a  detail  of  two  should  be  suffi- 
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cient.  If  cable  ends  are  remote,  the  cable  tester  should  take  two  men 
with  him  and  send  the  most  experienced  man  to  the  distant  end  of 
the  cable. 


1 1  \~t  Battery  external  te  instrument 


PERSPECTIVE  VIEW 


I  Sliding  resistance  | 

^VVWWSAMAA/VWWVV^ 

CIRCUITS  OF  OHMMETER 


PLAN  WITH  COVER  OPENED 

Fig.  185. 


DT^TF.S    OF     MAX     AT    DISTANT    END. 

The  distant  man  should  bo  instructed  to  clear  the  ends  of  all  con- 
ductors, scraping  them  carefully,  and  taking  care  to  keep  them  dry 
and  clear  of  each  other  and  ground.  If  the  cable  has  rubber  insula- 
tion, he  should  pencil  the  insulation  into  a  cone  shape  (fig.  187)  to 
give  the  maxinuim  value  to  the  surface  area  of  the  ends  of  the  con- 
ductors, thus  avoiding  leakage.     He  should  then  connect  his  receiv^er 
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to  a  designated  conductor  of  the  cable,  with  one  other  conductor  in 
parallel,  or  with  all  the  conductors  in  parallel  and  with  gi'ound 
or  sheath.  Having  cleared  his  ends  and  made  this  connection,  he 
should  wait  for  a  call,  and  under  no  conditions  disconnect  or  change 
this  arrangement  after  he  has  satisfied  himself  as  to  its  correctness. 
He  should  be  supplied  with  a  bundle  of  tags,  pro]:)erly  marked,  with 
tape  for  closing  up  the  ends,  and,  if  he  has  sufficient  skill  to  do  so, 
the  necessary  torch,  iron,  and  solder  for  closing  up  the  end  of  a  lead- 
covered  cable.  Cable  should  always  l)e  sealed,  however,  by  a  man 
who  understands  this  work,  and  no  risk  should  be  taken  regarding 
the  condition  of  the  cable  ends  after  the  tests. 

DUTIES    OF    TESTER. 

The  cable  tester  should  proceed  to  the  more  convenient  end  of  the 
cable  with  his  testing  instruments  and  set  them  up. 

The  galvanometer  should  be  set  up,  as  described  previously,  in  such 
relation  to  the  strongest  light  that  the  scale  is  most  illuminated  while 
the  mirror  is  in  the  shadow.  The  box  containing  the  insulation  and 
capacity-testing  set  should  be  placed  on  a  dry  foundation.  The 
100.000-ohm  box  should  be  wired  ])ermanently  into  circuit,  to  avoid 
dangerous  currents  on  the  testing  battery,  and  also  be  placed  on  a  dry 
support. 

A^Hiile  the  tester  is  setting  up  the  instruments  his  men  can  get  the 
cable  ready,  as  described,  for  the  distant  station  and  attach  a  bare 
copper  wire  to  all  the  conductors. 

rONTIXI'ITY    AXn    IDENTIFICATION. 

The  tester  then  connects  a  telephone  receiver  to  the  bare  wire  and  to 
ground  and  calls  his  assistant  at  the  distant  station.  The  cable  con- 
ductors are  then  identified  by  the  tester  connecting  his  telephone  on 
No.  1  and  instructing  his  assistant  to  find  him.  Should  an  open  wire 
occur  the  tester  may  get  his  assistant  by  disconnecting  from  the  wire 
he  wishes  located  and  connecting  to  the  bunched  wires. 

All  wires  not  under  test  should  at  all  times  be  kept  bunched  at  the 
testing  end.  Except  when  testing  for  copper  resistance,  all  wires, 
except  the  talking  wire,  should  be  kept  free  at  the  distant  end. 

It  is  to  be  noted  in  this  connection  that  the  capacity  of  long  cables, 
especially  if  ruljber  insulated,  may  make  it  possible  to  ring  a  magneto 
or  carry  on  conversation  between  entirely  separate  conductors.  Tlie 
absolutely  certain  test  for  continuity  or  identification  is  obtained  by 
placing  a  battery  and  indicator,  such  as  a  galvanometer,  voltmeter, 
buzzer,  or  telephone  receiver,  in  series  to  ground,  and  testing  with 
the  free  end  of  the  circuit.  An  indication  can  then  be  given  only  by  a 
flow  of  current  over  u  complete  electrical  circuit. 
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The  two  conductors  of  a  pair  should  always  follow  consecutively, 
so  that  each  i)air  consists  of  a  wire  liavinf>-  an  even  and  a  wire  having- 
an  odd  number.  If  the  cable  has  straight  wires,  the  odd  wires  are 
numbered  last.  Numljering  usually  proceeds  from  the  core  outward. 
The  tags  should  be  clearly  marked  and  carefully  attached  to  avoid 
danger  of  removal  during  subsequent  construction  work. 


Ga/i^anometer 

o  o 


Combined  Shunt  and  Key 


9  QQoQ,Q.Q.!5 


Sen//ce  Testing  Battery 


Having  identilied  all  conductors,  the  tester  instructs  the  assistant 
to  see  that  all  wires  are  clear,  except  the  telephone,  and  then  to  re- 
port. When  all  are  reported  clear,  the  assistant  maj"  be  instructed 
to  stand  by  and  await  orders;  under  no  conditions  to  try  to  signal  or 
to  touch  wires  unless  told  to  do  so. 
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CORRECTION    FOR   LEADS.   AND   TEINIPERATURE. 

On  preparing  for  readings  of  insnlation,  capacity,  and  copper  re- 
sistance, readings  should  be  taken  for  each  of  these  vahies  on  the 
leads  and  recorded  for  correction  of  the  respective  test  readings. 

The  temperature  of  the  cable  during  test  must  be  carefully  observed 
and  proper  corrections  nuide. 

TO     DETERMINE     THE     GALVAN0:\rETER     CONSTANT. 

The  tester  proceeds  to  get  his  galvanometer  constant  for  insulation, 
as  follows : 

With  connections  as  shown  in  figure  180,  he  depresses  the  battery 
key  on  shunt  and  moves  the  shunt  to  0.0001.  His  constant  is  then 
determined  by  dividing  the  resulting  deflection  by  the  shunt  value 
and  multiplying  by  one-tenth.  This  gives  the  deflection  which  the 
battery  used  would  cause  through  1  megohm  without  shunt. 

INSULATION   TEST. 

Connections  are  then  made  as  shown  in  figure  187.  This  connection 
puts  the  galvanometer  and  battery  in  series,  through  the  shunt  and 
100.000-ohm  box,  with  the  conductor,  its  insulation  throughout  its 
whole  length  and  ground.  All  the  other  conductors  of  the  cable 
should  also  be  connected  to  ground.  The  test  is  therefore  against  all 
the  other  conductors  and  ground,  thus  determining  the  existence  of 
crosses  between  conductors  as  well  as  insulation  to  ground. 

Having  connected  thus  to  Xo.  1  conductor,  the  shunt  is  set  at  0.001 
and  the  battery  Initton  depressed.  With  rubber  cables  an  electrifica- 
tion of  one  minute  is  desirable.  In  paper  cable  the  electrification  is 
practically  instantaneous,  and  the  shunt  may  be  moved  to  gradually 
smaller  values  until  a  readable  deflection  is  obtained.  The  deflection, 
shunt,  and  conductor  number  are  then  entered  in  a  notebook,  and  if 
the  reading  is  normal  the  conductor  is  replaced  in  the  bunch  and  the 
next  one  is  tested. 

On  short  cables  where  exact  readings  are  impracticable  thirty  sec- 
onds'' electrification  is  sufficient. 

Should  trouble  be  found,  the  assistant  should  be  called  and  asked 
to  scrape  the  insulation  of  the  conductor  in  question  carefully  and  see 
that  it  is  free.  Having  identified  all  wires,  it  is  a  simple  matter  to 
test  the  telephone  ware  by  substituting  it  for  one  of  the  wires  first 
tested. 

The  following  example  is  submitted  to  indicate  the  method  of  cal- 
culatino-  the  insulation  resistance  of  a  cable. 
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Suppose  our  deflection  through  100,000  ohms,  using  0.0001  shunt, 
to  be  80  divisions,  then  the  constant  equals  80  divided  by  0.0001  and 
multiplied  l)v  one-tenth.     Constant  equals  80,000. 


Galvanometer 

o  o 


Combined  Shunt  and  Key 


m    » 


Use  t/ie  some  number  of  cells 
for  constant  as  for  insulation 


-^  QqQ,Q„Q,QfU 


Service,  Testing  Battery 


J(      Coble 


r 


Distant  end  of  coble  Conductor  'pencil led"  for  test 


Ground  ivire- 


Compound 


Fig.  IS". 


Suppose  our  deflection  on  conductor  Xo.  1  is  40,  with  a  shunt  value 
of  1 ;  then,  since  the  constant  is  the  deflection  through  1  megohm,  the 
number  of  megohms  represented  by  this  deflection  will  be  80.000 
divided  by  40,  or  2,000  megohms. 
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If  the  cable  were  H  miles  long,  to  reduce  this  value  to  megohms  per 
mile  it  would  be  necessary  to  multiply  it  by  1^,  and  the  insulation 
resistance  per  mile  would  be  3,000  megohms,  an  average  value  for 
paper  cables  under  usual  weather  conditions,  not  including  pot  heads. 


— 1 J 

-r   f^ 

'    "i" 

, 

+         5         IQ        25       50      75       l~00 

Service  Testing  Battery 

Conde-nser  Set 

NoTE-Put  Plug"P"on  "Std.'Tor 
capacity  constant. 


Distant  end  of  Coble 


Ground  wire 


Fig.  188. 
CAPACITY    TEST. 

Having  obtained  the  insulation  resistance  of  all  the  conductors,  the 
battery  is  disconnected,  the  100,000-ohm  box  is  replaced  in  the  case, 
and  the  condenser  set  is  connected  as  shown  in  figure  188.  The  con- 
denser set  is  held  in  the  hand.  Suitable  battery  (not  more  than  5  or 
10  cells)  is  connected  to  the  condenser.  The  deflection  on  the  stand- 
ard condenser  is  then  compared  with  the  deflection  caused  by  the 
cable,  using  the  same  battery  and  shunt. 
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The  following  example  sIioavs  the  method  of  calciilatinor  capacity: 

Suppose  the  deflection  through  the  standard  condenser  Avere  150 
and  the  leads  were  negligible. 

Suppose  our  deflection  through  the  cable  were  450. 

The  capacitj'^  of  the  cable  would  then  be  450  divided  by  150,  or 
three  times  the  capacity  of  standard  (one-third).  The  cable  capacity 
would  be,  therefore,  1  microfarad. 

If  the  cable  were  2  miles  long  its  capacity  per  mile  would  be  1  di- 
vided by  2.  or  0.5  microfarads,  a  little  above  the  average  for  rubber 
cable. 

POINTS  FOR  THP:  tester. 

1.  Never  open  a  paper  cable  on  a  damp,  foggy,  misty,  or  rainy  day, 
whether  under  cover  or  not. 

2.  Never  2:)ronounce  a  cable  bad  until  you  ai"e  satisfied  that  all  ends 
are  absolutely  clear  and  dry. 

8.  Never  test  any  kind  of  cable  on  a  damp  day  if  it  can  l)e  avoided. 

4.  Where  convenient,  use  the  testing  battery  for  insulation  and 
capacity  only,  thus  saving  it  against  possible  short  circuit  or  heavy 
drain. 

,  5.  Get  thoroughly  acquainted  with  the  instruments  before  starting 
the  test  and  mark  all  the  adjustments,  so  that  little  time  need  be 
wasted  in  setting  up. 

6.  Eemember  that  accurate  readings  never  are  possible  under  moist 
conditions  and  ever_ything  should  be  as  dry  as  practicable. 

7.  Be  sure  to  leave  the  cable  ends  thoroughly  sealed. 

8.  Be  sure  to  mark  conductor  numbers  plainly. 

9.  The  micrometer  caliper  should  be  used  to  determine  the  exact 
diameter  of  the  conductor  and  insulation,  to  aid  in  future  records  of 
the  cable. 

10.  All  data  concerning  the  cable  should  be  entered  before  taking 
down  the  instruments,  making  sure  that  nothing  will  be  lacking. 

OHMMETER.    MODEL    1904. 

The  theoretical  diagram  of  the  ohmmeter,  model  1904.  is  given  in 
figure  185,  in  which  the  parts  of  the  conventional  form  of  the  Wheat- 
stone  bridge  are  apparent.  The  ^4  and  5,  or  "  balance  arms,"'  are  the 
two  parts  of  the  bridge  wire  11'  W  into  which  it  is  divided  by  the 
''  toucher." 

The  two  standard  resistance  coils  10  and  100  ohms,  respectively, 
correspond  to  the  A'  arm  of  the  bridge,  A'  (the  unknown  resistance") 
forming  the  other  arm.  The  telephone  receiver  may  take  the  place 
of  the  galvanometer,  balance  being  indicated  by  the  cessation  of  the 
clicks  and  frying  sound  when  the  toucher  has  reached  the  proper 
graduation  on  the  l)i'idi>e  wire. 
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DIRECTIONS  FOR  USING  THE  OHMMETER,  MODEL   1904. 

(See  figs.  185,  189,  and  190.) 

Connect  a  battery,  preferably  a  couple  of  dry  cells  external  to  the 
testing-  set.  to  posts  marked  B  A  and  the  unknown  resistance  to  posts 
A'l,  A'o.  If  the  resistance  is  small,  insert  the  plug  at  10,  and  if  large 
at  100.  Depress  the  key  and  operate  catch;  then  draw  the  stylus 
lightly  across  the  horizontal  scale,  touching  the  convolutions  of  wire 
until  the  galvanometer  reverses  its  deflection. 

]Multiples  of  50  are  read  on  the  horizontal  scale,  and  fractions  of 
a  turn  on  the  drum  at  the  right.  The  tabular  number  corresponding 
to  this  number,  as  found  in  the  table  on  the  lid  of  the  ohmmeter,  when 
multiplied  by  10  or  100,  depending  on  whether  the  plug  is  at  10  or 
100.  Avill  oive  the  correct  resistance. 


ISO. — Circuit  of  olimmeter.   model    1904. 


For  example,  if  the  balance  is  found  between  convolutions  Nos.  150 
and  200  on  the  horizontal  scale  and  the  drum  scale  reads  46,  the  exact 
reading  is  196.  Referring  to  the  table,  the  number  corresponding  to 
this  is  0.2438.  and  the  resistance,  if  the  plug  is  inserted  in  10,  Avill  be 
2.438  ohms;  or,  if  the  plug  is  inserted  in  100,  will  be  24.38  ohms. 

A  telephone  receiver  may  be  u.sed  in  place  of  the  galvanometer  in 
the  ohmmeter  by  disconnecting  one  of  the  cords  from  the  post  marked 
"  Tel.^'  and  connecting  the  receiver  to  those  posts. 

The  portable  galvanometer  may  be  used  in  the  place  of  the  galva- 
nometer in  the  ohunueter  by  proceeding  as  for  the  receiver.  In  this 
case  it  would  be  advisable,  however,  to  make  use  of  the  galvanometer 
with  shunt. 
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The  method  of  measuring  conductor  resistance  of  a  cable  is  shown 
in  figure  1S»0.  The  copper  resistance  is  tested  in  i)airs  and  slioul^i 
not  vary  to  any  great  extent  (in  very  hirge  cables  the  outer  layers  will 
be  a  few  per  cent  higher  in  resistance  than  the  core).  The  resistance 
per  stretch  is  determined  by  dividing  the  loop  reading  by  2.  The 
resistance  per  mile  is  determined  by  dividing  the  total  resistance  per 
stretch  bv  the  number  of  miles  in  the  stretch. 


Tel. 


yzS 


Key 


Gal  van  om&ter 


Si'id'np  J^s  'Sconce 


umuummmv 


Distant  Cnd  of  Cable 


Fig.   100. 


VOLTAM.AIETER    FOR    INSPECTION    AND    TESTINli    OF    UATTERIES. 
KESISTANCE    OF    V0LTMETP:R    COIL,    TOO    OHMS:    OF    AMMETER    COIL.    0..~»    OHM. 

This  is  a  low-range  instrument,  designed  especially  for  inspecting 
telephone  and  telegra])h  batteries  and  storage  cells.     (See  fig.  101.) 

Caution. — Never  connect  with  more  than  one  storage  cell  or  more 
than  three  of  other  kinds.  Too  large  a  current  or  high  voltage  will 
bend  the  indicator  or  burn  out  the  coils. 

Dry  batteries  and  sal  ammoniac  batteries  (such  as  Leclanche. 
Gonda,  etc.)  should  have  voltages  between  1.4  and  1.5.  This  is 
obtained  by  connecting  with  binding  posts  V  P — P  being  positive. 
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Then,  by  conneetino-  with  ^1  instead  of  T",  the  current  is  indicated  on 
the  ampere  scale.     Since  the  resistance  of  the  ampere  coils  is  0.5  ohm, 

the  internal  resistance  of  the  cell  is  given  by  the  formula -^ 

where  A"= voltage  of  the  cell  and  6'= current  in  amperes.  The  de- 
terioration of  a  dry  or  sal  ammoniac  battery  is  shown  by  a  fall  in 
voltage  much  below  1.4  and  a  rise  iu  its  internal  resistance.  This 
latter  should  not  exceed  a  few  ohms. 

METHOD    OF    LOCATING    FAULTS    IN    MULTIPLE    CONDUCTOR    CABLES    WITH    MODEL    1904 

OHMMETER. 

Arrange  to  have  the  distant  end  of  the  faulty  conductor  connected 
to  a  sound  conductor  in  the  same  cable.  Attach  the  fault}'^  conductor 
to  post  X^  on  the  ohmmeter  and  the 
sound  conductor  to  post  Q.  See  that 
the  variable  plug  is  not  inserted  at 
either  10  or  100.  Attach  a  ground  wire 
to  A'o.  Find  a  balance  as  in  testing  for 
copi^er  resistance.  If  the  reading,  in 
scale  parts,  is  ^1  and  the  length  of  the 
cable,  in  feet,  is  Z,  the  distance  to  the 
fault  will  be  L  multiplied  by  2J.  di- 
vided by  1,000.  These  values  hold  for 
any  sized  cable,  but  assume  that  the 
conductors  used  are  of  the  sauie  gauge. 
The  connections  are  shown  in  figure  192. 

The  following  example  will  indicate 
the  method  of  making  this  test : 

Suppose  connections  have  been  made 
as  above  and  the  stylus  is  at  150  on  the 
scale  when  a  balance  has  been  obtained.  Suppose  the  cable  to  be 
0,000  feet  Jong;  G,000  multii)lied  by  300  will  equal  1,800,000,  which 
divided  by  1.000  equals  1,800  feet,  the  distance  from  the  observer  to 
the  fault. 

LOCATION    OF   A    CROSS   BY    MEANS   OF   THE   VOLTMETER. 

In  general,  the  resistance  of  the  Avire  to  the  cross  and  through  the 
point  of  contact  (the  cross)  of  the  two  wires  is  small  compared  with 
the  resistance  of  the  voltmeter  itself.  The  following  method  depends 
upon  tlie  approximate  correctness  of  this  assumption.  The  connec- 
tions are  shown  in  figure  193. 

One  of  the  wires  is  grounded  at  some  station  E  beyond  the  cross, 
the  other  being  opened  there.  The  line  battery  being  connected  up 
through  a  known  resistance,  R  (a  150-ohm  relay,  for  instance),  as 
60240"— 11 IS 


Pig.  191. 
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shown,  readings  are  taken  of  the  voUmeter   I'  connected  as  shown 

first  by  the  full  lines  and  second  as  shown  b}'  dotted  lines. 

Calling  the  first  reading  V^  and  the  second  V-  and  R  150  ohms, 

the  resistance  of  the  wire  X  to  the  cross  is  given  by  the  fornnda 

T^^  .  . 

-i'=  7-2 Xi?/  and  if  the  resistance  of  the  wire  per  mile  is  ^1  ohms,  the 

number  of  miles  to  the  cross  is  given  by  \  • 

The  quick  readings  that  can  be  nuide  with  the  voltmeter  make  this 
a  useful  method  of  locating  swingino-  crosses. 


Fig.  192. 


The  importance  in  all  these  tests,  excepting  ohmmeter.  model  1904, 
of  having  some  standard  known  resistances  available  is  apparent. 
Spare  relays  and  sounders,  if  not  already  measured  up  accurately, 
should  be  so  measured  up  and  marked  at  the  first  opportu.nity  or 
request  made  for  such  standardized  coils.  So-called  loO-ohm  relays 
and  4-ohm  sounders  frequently  vary  5  per  cent  from  their  stated  re- 
sistance and  would  make  considerable  error  in  the  calculated  positions 
of  faults  if  used  as  standards. 
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EXPLORING  COIL. 

It  is  oftentimes  necessary  to  locate  a  ground  or  cross  in  cables  in- 
stalled in  trenches  or  underground  conduit  where  standard  instru- 
ments are  not  available.  The  use  of  an  exploring-  coil  in  such  cases 
may  avoid  the  necessity  for  taking  up  considerable  lengths  of  cable 
and  opening  unnecessary  test  points. 

The  exploring  coil  may  be  made  as  follows:  Take  a  1-inch  thick 
l)ine  board  of  rectangular  shape,  1  foot  by  2  feet,  and  wind  around  its 
outer  edge  as  many  turns  of  insulated  wire  as  convenient.  This  wire 
may  be  cotton-covered  magnet  wire,  No.  18  gauge,  or  smaller.  In 
place  of  this  board  a  rectangular  frame,  with  channel  cross  section, 
may  be  made.  To  use  the  exploring  coil,  a  source  of  alternating  or 
pulsating  current  is  applied  to  the  grounded  conductor.  This  source 
mav  be  from  a  buzzer  and  induction  coil  connected  to  a  batterv  of 


Cross 


X 


"E 


Fig.   19;1 

dry  cells,  a  30- volt  telephone  storage  battery,  or  a  110- volt  poAver  cir- 
cuit. The  exploring  coil,  with  terminals  connected  to  a  telephone 
receiver,  is  now  carried  along  the  route  of  the  cable,  being  held  as 
near  the  ground  as  possible  with  the  plane  of  the  coil  parallel  with 
the  cable  and  the  long  side  of  the  coil  next  to  the  ground.  The  buzzer 
should  be  heard  in  the  telephone  receiver  until  the  gTounded  point 
in  the  cable  has  been  passed,  when  the  sound  should  cease  entirely  or 
become  much  weaker.  The  exploring  coil  may  also  be  used  for  iden- 
tifying cables  where  a  number  of  them  are  laid  in  a  common  trench. 
A  variable  current  is  sent  through  the  cable  to  be  identified  and  is 
picked  up  by  the  exploring  coil,  one  side  of  which  should  be  held 
close  to  or  parallel  with  the  cable.  The  short  end  of  the  coil  may  be 
used  for  this  purpose. 
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MIRRAY    AXD    VARLKY    LOOP    TKSTS. 

The  prooediiiii-  sections  of  this  chapter  liave  described  certain 
inetliods  of  testing,  entirely  qualitative  in  character,  as  well  as  stand- 
ard methods  for  measuring  conductor  resistance,  electrostatic  capac- 
ity, and  insulation  resistance.  In  addition  to  these  there  are  certain 
quantitative  measurements  necessary  for  the  location  of  faults  in  con- 
ductors, which  will  now  be  briefly  described. 

These  tests  for  fault  location  consist  essentially  of  cases  of  the 
application  of  the  sim):)le  methods  of  measurements  previously  de- 
scribed, requiring  special  connections  and  a  certain  amount  of  com- 
putation from  observations.  It  should  be  especially  noted,  liowever. 
that  the  methods  of  fault  location  commonh^  used  do  not  necessitate 
special  and   complicated   apparatus,  but   rather  the   application   of 


Battery 


^—\ 


Fig.  194. 


simple  methods  to  sjiccial  circuits  and  the  solution  of  elementary  for- 
mulae. Two  tests  most  generally  used  and  of  wide  application  are 
the  Murray  loop  test  and  the  Varley  loop  test.  The  Murray  loop 
test  is  the  more  easily  made,  but  is  of  less  general  ajiplication  than  the 
Varley. 

The  Murray  loop  circuit  is  shown  in  figure  194,  in  which  .1  is  one 
of  the  arms  of  a  Wheatstone  bridge  and  H  the  adjustable  resistance. 
G  is  a  galvanometer  or  other  current  indicator,  C  C  the  leads  from 
bridge  to  conductors  under  test,  h  the  fauUy  wire,  a  a  good  wire  of 
the  same  length  and  resistance.  The  ivsistance  of  the  faulty  con- 
ductor, from  the  point  of  test  to  the  fault  is  denoted  as  x;  a  and  1) 
are  connected  at  distant  end  as  shown,  the  leads  C  C  should  be 
carefullv  measured,  if  their  lenirth  and  resistance  arc  not  negligible 
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as  compared  with  those  of  the  wires  a  and  h  and  the  vakies  recorded 

for  use  in  correcting  readings.     When  the  resistance  R  is  so  adjnsted 

►  that  the  galvanometer  is  not  deflected  the  distance  to  the  fauh  is — 

AL 


A+R 


where  L  is  the  combined  length  of  a  and  h.  The  above  formula 
assumes  that  the  leads  are  negligible.  If  such  is  not  the  case  the 
formula  becomes — 

A{L+OC') 


A+  R 


a 


It  will  usually  be  practicable  to  make  the  leads  negligible  or  at 
least  to  have  C  =  6".  It  is  to  be  noted  particularly  that  this  method 
assumes  that  the  good  and  bad  wires  are  of  equal  resistance.     It  is 


Fig.   195. 

advisable  in  each  case  to  check  the  fault  location  obtained  by  the 
above  circuit  by  reversing  the  wires  a  and  h  and  making  a  second 
location.  In  the  above  formula  ^i  and  R  are  in  ohms,  all  other 
quantities  in  units  of  length. 

For  locating  crossed  wires  the  circuit  of  figure  195  should  be  used. 
It  will  be  noted  that  the  connections  are  the  same  as  for  locating 
grounds,  except  that  the  battery  is  connected  to  one  of  the  pair  of 
crossed  wires. 

The  Varley  loop  test,  while  not  so  simple  and  quickly  made  as  the 
Murray  test  described  above,  is  of  more  general  application  and  can 
be  made  in  situations  where  the  Murray  test  can  not.  The  connec- 
tions for  this  tast  are  shown  in  figure  19G.  The  various  parts  of  the 
circuit  are  given  the  same  letter  designations  as  for  the  Murray  test 
of  figures  194  and   195. 
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AVith  the  circuit  of  figure  IDG  adjust  the  variable  resistance  arm  R 
of  the  AMieatstone  bridge  until  the  galvanometer  is  not  deflected, 
record  the  values  of  ,1,  5,  and  R.  Now  disconnect  the  ground  from 
battery  and  connect  as  shown  by  dotted  line  and  measure  the  com- 
bined resistance  of  the  leads  C  C  and  the  two  conductors  a  h  in 
series;  call  this  value  r.  Combining  the  results  of  the  two  measure- 
ments taken  above,  the  resistance  of  the  conductor  from  the  point  of 
test  to  the  fault  is — 

Br-AR 


A  +  B 


C. 


Check  the  measurements  and  calculations  obtained  by  the  above 
process  by  reversing  tho  connections  of  the  bridge  to  the  conductors 
at  either  end  of  the  leads  and  obtain  a  second  set  of  readings.    If  the 


Fig.  196. 

new  values  of  bridge  readings  be  designated  as  .1',  B\  and  /?',  the 
neAv  value  of  the  resistance  to  the  fault  is — 

^^A'{r±BJ_^, 
A'  +  B' 


If  ('  equal  the  total  resistance  of  the  bad  wire  the  distance  to  the 

fault  is  -^-^r  where  /.  is  the  total  length  of  the  wire.     The  check 

measurements  should  always  be  made  when  using  either  the  Varley 
or  the  Murray  loop  test,  as  the  time  and  labor  required  are  incon- 
siderable and  the  certainty  of  location  is  uuich  increased. 

For  crossed  wires  the  method  of  figure  197a  should  be  used.  The 
circuit,  it  will  be  noted,  is  the  same  as  on  figure  19(j.  except  that  one 
wire  of  the  crossed  pair  is  used  to  replace  the  earth  connection. 
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LOCATION    OF    FAULTS    IN    TELEGRAPH    LINES. 

In  order  to  secure  the  best  possible  result  iu  the  working  of  telegraph  lines 
we  nuist  keep  down  the  resistance  of  the  conductor  in  the  circuit  and  increase 
the  resistance  of  the  insulator  to  the  greatest  possible  extent.  In  other  words, 
the  resistance  must  be  as  small  as  possible  iu  the  route  we  wish  the  electric  cur- 
rent to  travel  and  as  great  as  possible  in  every  other  direction.  The  prac- 
tical working  value  of  a  telegraph  line  is  the  margin  between  the  joint  resist- 
ance of  the  conductor  and  the  insulator,  aud  that  of  the  insulation  alone.  The 
tension  of  the  retracting  spring  of  the  i*elay  armature  when  upon  a  "  working 
adjustment "  is  the  measure  of  this  margin  or  difference.  It  is  evident  that  this 
margin  may  be  increased  in  two  ways,  viz:  (1)  By  increasing  the  insulation 
resistance:  (2)  by  decreasing  the  resistance  of  the  conductor.— Pope's  Modern 
Practice  of  Electric  Telegraph. 

Faults  causing  departure  from  normal  working  conditions  are  due 
to  partial  or  comjilete  contacts  of  the  line  wire,  directly  or  indirectly 
with    the    ground,    usually    called    by    telegraphers    "  escapes ''    and 


Fi(i.  197rt. 

""grounds;"  crosses,  caused  by  two  or  more  wires  coming  together; 
and  partial  or  complete  disconnections,  causing  abnormally  high  re- 
sistance, or  complete  interruption. 

"  Escapes ''  mean  imperfect  insulation,  due  to  defective  insulators, 
contact  of  foliage  with  the  wire,  or  defective  ofHce  wiring.  "  Grounds  " 
are  often  brought  about  by  the  wire  being  down  on  the  ground,  to  its 
being  detached  from  an  insulator  and  lying  against  an  iron  pole,  or 
defective  office  wiring. 

Abnormally  high  resistance  is  due  to  defective  and  corroded  joints 
in  the  line  wire  or  to  bad  connections  in  the  office  wiring,  instruments, 
batteries,  or  grounds. 

When  stations  are  not  very  fai'  apart,  esjiccialiy  where  they  are 
along  a  railroad  or  good  road,  the  location  of  the  fault  between  two 
stations  by  calling  up  each  station  in  succession  is  usually  sufficient. 
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Ill  case  of  escapes  it  is  evident  that  ()j)enina"  the  key  beyoiul  the 
escape  ^^^lU  not  entirely  open  the  ciicnit  at  tlie  testing  office  where  the 
main-line  battery  is  located.  So  by  openinof  in  succession,  beginning- 
at  distant  stations,  nntil  we  come  to  a  station  where  pi'actically  all 
current  ceases  when  the  key  is  opened,  will  indicate  that  we  have 
passed  the  escape. 

The  inabilit}^  to  work  beyond  a  given  >tati()n  indicates  a  "'dead 
ground." 

Total  bleaks  are  located  by  stations  successively  grounding,  begin- 
ning at  the  nearest  office  to  the  testing  office. 

High  resistances  due  to  imperfect  connections  are  located  by  suc- 
cessive grounding  in  a  similar  way,  a  sudden  marked  falling  otl'  in 
strength  of  current  indicating  that  the  high  resistance  has  just  been 
passed. 

In  the  case  of  crosses  an  intermediate  office  is  asked  to  open  Xo.  1 
of  the  crossed  wires  and  work  on  Xo.  "2.  If  upon  opening  Xo.  '2  at 
the  testing  office  the  cross  remains,  as  shown  In'  distant  stations'  send- 
ing coming  in  on  Xo.  1,  it  is  evident  that  the  cross  is  between  the  test- 
ing office  and  the  intermediate  one.  If  the  cross  had  disappeared 
upon  opening  Xo.  1  at  the  intermediate  office  it  is  beyond  the  inter- 
mediate office. 

In  the  first  case  the  office  next  nearest  the  testing  office  is  called  and 
the  test  repeated  there.  In  the  second  case  we  should  proceed  out- 
ward from  the  intermediate  office.  A  metallic  cross  may  be  distin- 
guished from  a  leakage  or  ''  Aveather  cross  "  by  the  sending  through 
the  cross  in  the  first  case  coming  nearly  as  strong  as  it  does  on  its 
own  wire. 

If  a  high  resistance  fault  is  due  to  l)ad  office  connection  it  can  be 
detected  by  cutting  out  the  offices  in  succession  until  an  evident 
improvement  is  noted  in  working.  If  due  to  bad  joints  in  the  line  it 
can  generally  be  detected  by  grounding  at  each  station  in  succession; 
but  these  can  best  be  located  by  measurements  of  resistances  from 
point  to  point. 

Faulty  ground  plates  often  introduce  very  large  resistance  in  the 
line.  Connections  with  these  should  be  very  carefully  made.  Only 
soldered  joints  should  be  permitted,  if  possible,  and  a  good-sized  rod. 
plate,  or  a  good  length  of  coiled  wire  buried  in  thoroughly  damp 
ground  should  be  used.  It  has  often  been  found  that  the  resistance  of 
the  gi'ound  connection  Avas  as  much  as  all  the  rest  of  the  circuit. 

Two  lines  connected  Avith  a  bad  ground  plate  will  behave  as  if 
crossed. 

Intermittent  or  swinging  escapes,  grounds,  and  crosses  are  exceed- 
ingly troublesome  to  locate.  They  often  require  accurate  and  prompt 
measurements.  The  Weston  voltmeter  and  niilammeter  set  described, 
being  capable  of  almost  instantaneous  readings,  is  particularly  useful 
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ill  this  kind  of  measurement.  The  ohmmeter  measures  resistances 
directly  and  almost  as  quickly.  The  Wheatstone  bridge  gives  the 
most  accurate  results,  but  considerable  skill  and  experience  are  neces- 
sary in  its  use. 

The  ohmmeter  and  meter  set  will,  it  is  believed,  give  greatest 
satisfaction  in  ordinary  office  measurements  of  resistance.  The  meter 
has  the  additional  advantage  of  giving  means  for  measurements  of 
voltage  and  current  as  well. 

The  ohmmeter  furnishes  not  only  a  ready  means  of  measuring 
resistance,  but  lends  itself  to  loop  tests  as  well.  Its  application  in 
locating  crosses  and  grounds,  especially  of  the  troublesome  "  swing- 
ing "  variety,  when  the  line  consists  of  two  or  more  wires,  is  given 
below. 

Suppose  an  escape  comes  on  No.  2.  The  distant  station  is  asked  to 
join,  but  not  ground,  Nos.  1  and  2.  Suppose,  now,  balance  is  obtained 
at  170,  corresponding  to  No.  2. 

Then  170  X  .227=38.0  miles,  distance  to  escape. 

A^^iere  more  than  two  wires  are  in  a  line,  systematic  measurements 
of  them  in  pairs  should  be  taken  from  time  to  time  with  the  ohm- 
meter, Avhen  Avires  are  in  good  condition,  and  the  results  recorded  for 
reference  when  faults  occur. 

The  multipliers  of  No.  1  with  No.  3  and  No.  2  Avith  No.  3,  and  so 
on,  should  also  be  taken  and  recorded.  With  this  data,  in  case  of  a 
cross,  swinging,  or  otherwise,  we  loop  the  remaining  good  Avire  AAdth 
one  of  the  faulty  ones  at  the  distant  station,  ground  the  other  faulty 
one  at  one  or  both  ends,  and  proceed  to  locate  the  cross  as  we  did  to 
locate  the  escape  or  ground,  as  just  explained,  as  the  cross  is  noAV 
simjDly  an  escape  in  the  wires  looped  together. 

In  the  last  methods  named,  by  inserting  a  relay  or  other  knoAA^n 
resistance  betAveen  the  ohmmeter  bridge  AAnre  and  a  line  Avire  Ave  may 
find  the  resistance  of  the  line  up  to  the  fault  instead  of  Avorking  it 
directly  in  miles. 

This  Avould  be  useful  in  case  we  are  compelled  to  measure  through 
some  intermediate  station,  the  resistance  of  its  relay  being,  of  course, 
known. 

AMien  the  line  consists  of  two  or  more  Avires  on  one  of  Avhich  there 
is  an  escape  or  ground,  a  good  AA'ire  is  joined  (not  grounded)  Avith  the 
bad  one  at  the  distant  station.  The  scale  numbers  at  balance  are 
recorded.  The  resistance  (relay)  is  then  inserted  in  circuit  with  the 
good  AA'ire,  as  just  explained,  and  another  balance  made.  These  two 
sets  of  numbers  and  the  resistance  of  the  relay  will  then  give  the 
resistance  to  the  fault. 

Where  only  one  av ire' connects  the  stations,  grounds  or  escapes  may 
be  approximately  located  by  the  ammeter  or  voltmeter  as  stated  on 
pages  273  and  274.     This  can  be  done  only  by  keeping  daily  record  of 
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line  conditions  and  judging  by  the  local  departures  therefrom  where 
the  faults  are. 

No  verv  satisfactory  siniph^  methods  exist  for  locating  escapes  when 
only  the  fault}^  Avire  is  availahle,  and  the  tests  can  be  made  at  one  end 
only. 

The  simplest  one  is  the  Blavier  test.  This  consists  of  making 
measurements  of  resistance,  first  with  the  distant  end  grounded  and 
next  with  the  distant  end  open.  The  resistance  of  the  entire  line, 
when  in  good  condition,  must  be  known.     (See  fig.  Id7h). 

Suppose  measurements  are  made  from  .1,  B  is  asked  to  open,  and 
measurement  is  made  from  A  through  wire  to  fault  and  through 
fault.  Call  the  resistance  J/  ohms.  B  then  closes  and  another 
measurement  is  made.     Call  this  X  ohms.     If  the  resistance  of  the 


X 


Fig.  107?;. 


line  is  L  when  in  good  condition,  the  resistance  in  ohms  A'  to  the 
fault  will  then  be  o-iven  by  the  formula  : 


X==N—^iL--y)  (M—N). 

A  number  of  pairs  of  readings,  using  each  end  of  the  battery,  if 
possible,  should  be  made,  and  the  mean  of  those  pairs  that  agree  most 
nearly  should  be  taken. 

The  ohmmeter  or  Weston  set  may  be  used  to  advantage  in  these 
measurements  and  readings  obtained  as  quickly  as  possible  when  the 
battery  current  is  thrown  on,  as  the  resistance  may  vary  rapidly,  due 
to  the  polarization  at  the  fault.  It  is  an  advantage  to  have  the  cur- 
rent through  the  escape  Z  the  same  when  measuring  J/  and  X.  As  a 
rough  compensation  in  land  line  measurement,  use  double  the  battery 
in  measurinof  X  as  when  J/  is  measured. 


Chapter  IX. 
Lines  of  Infor^iation. 

This  jofeneral  term  has  been  adopted  to  apply  to  the  means  by  which 
military  messages  are  transmitted  between  two  or  more  stations. 

Under  modern  conditions  lines  of  information  are  nearly  always 
operated  electrically.  On  account  of  its  certainty,  secrecy,  and  speed, 
telegraphy  over  wire  lines  is  to-day  without  a  rival  for  use  on  mili- 
tary as  well  as  commercial  lines. 

As  an  army  advances  into  hostile  territory,  it  will  utilize,  as  far  as 
possible,  existing  commercial  lines,  to  connect  it  wdth  its  base.  If 
lines  must  be  constructed  for  this  purpose,  they  will  generally  at  first 
consist  of  insulated  wires  laid  on  the  ground.  If  these  lines  will  be 
needed  for  some  time  after  the  army  has  advanced,  the  wdres  will  be 
put  up  on  light  lance  poles,  thereby  transforming  them  into  lines  of  a 
more  permanent  nature.  If  the  lines  are  to  be  used  for  considerable 
length  of  time,  they  will  be  replaced  by  ordinary  permanent  tele^graph 
or  telephone  lines. 

As  an  army  advances  into  conquered  territory  it  will  utilize  as  far 
as  possible  existing  commercial  lines  to  connect  it  with  its  base.  If 
lines  are  constructed,  they  will  generally  at  first  consist  of  the  insu- 
lated wires  laid  on  the  ground  which  follow  the  advance.  Such  of 
these  as  are  needed  will  subsequently  be  put  up  as  light  lines  on  lances, 
afterward  to  be  converted  into  permanent  pole  lines  where  necessary. 
Lines  of  a  temporary  character  will  be  constructed  or  laid  connecting 
the  camps.  When  the  army  goes  into  action,  an  important  series  of 
lines  are  required  connecting  the  commanding  general,  the  corps,  divi- 
sion, and  brigade  commanders,  the  artillery,  and  probably  important 
points  of  observation  and  control  at  other  places  on  the  line. 

Classified  as  to  their  construction,  lines  of  information  are  perma- 
nent, semipermanent,  or  field  lines. 

Permanent  lines  are  those  similar  in  construction  to  the  standard 
telegraph  lines,  and  usually  consist  of  heavy,  bare  copper  or  galva- 
nized iron  wire.  No.  9  galvanized  wire  is  the  standard  in  our  service. 
These  wires  are  supported  on  substantial  insulators  and  strong  poles. 
Such  lines  are  generally  operated  with  the  standard  relays  and 
sounders  familiar  in  commercial  offices. 

Semipermanent  lines  consist  of  lighter  bare  Avires,  usually  Xo.  IJ: 
galvanized,   supported   on   lighter   poles  called   lances,   or  on   light 
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tubular  iron  poles.  Thoo  lances  are  liUed  with  hard  rubber  or  com- 
position insulators.  Lines  such  as  these  were  formerly  the  standard 
military  construction,  and  teles^raph  trains,  consistino;  of  wire  waoons. 
battery  wa<i:ons,  and  lance  trucks,  could  construct  from  7  to  15  miles 
of  these  lines  a  day,  dependin^^  on  conditions.  These  lines  were  gen- 
erally operated  with  box  relays,  but  in  modern  use  the  telephone 
Avould  fre(piently  be  the  instrument  employed. 

Field  lines  are  those  laid  hastily  for  temporary  use,  and  usual Ij^ 
consist  of  insulated  wire  paid  out  from  reels  on  carts  or  wagons  or 
in  the  smaller  size  wire  from  hand  reels.  Sometimes  bare  wire  is 
used,  in  which  case  only  the  "buzzer"  will  operate  satisfactorily 
over  them.  This  buzzer  is  generally  used  on  all  field  lines,  although 
the  field  induction  telegraph  kit  may  be  substituted  for  it  under  many 
conditions. 

Classified  in  regard  to  their  use,  lines  of  information  may  be  con- 
sidered as  either  strategical  or  tactical  lines. 

Strategical  lines  are  usually  of  the  permanent  or  semipermanent 
character,  and  may  be  part  of  the  commercial  system  of  the  country. 
They  are  "  base  lines  "  in  general,  as  they  lie  behind  the  advancing 
army  and  maintain  communication  with  the  base  and  thence  to  the 
seat  of  government.  On  account  of  their  importance  they  would 
frequenth'  be  duplicated,  and  in  general  over  ditl'erent  routes,  to  in- 
sure communication  under  all  conditions.  They  would  in  some  cases 
include  important  submarine  cables  or  even  large  wireless  stations. 

Tactical  lines  are  generally  of  the  field  line  class  and  are  rapidly 
laid  or  taken  up  to  follow  the  movements  of  the  units  thej'^  connect. 
Their  name  indicates  their  uses.  They  are  the  ""combat  lines ''  which 
late  improvements  in  wire,  transportation,  and  instruments  have 
made  j)ossible. 

I'lEED   TRAXSPORTATIOX. 

In  addition  to  wagons  and  packs  for  ordinary  transportation, 
the  Sigiuil  Cori)s  has  found  it  necessary  to  devise  some  special 
vehicles  for  transporting  and  laying  wire  and  carrying  such  equip- 
ment as  wireless  sets,  lances,  etc. 

The  most  important  of  these  is  the  pintle  type  wagon  and  the  wire 
cart  from  which  wire  may  be  paid  out  at  a  gallop  and  reeled  u^ 
almost  as  speedily.  Figure  198  shows  a  signal  cori)s  pintle  type  wagon, 
model  1910.  In  the  latest  model,  the  front  element  of  the  vehicle 
carries  the  reel  and  wire,  and  is  known  as  the  reel  cart.  The  rear 
element,  known  as  the  signal  cart,  is  a  chest  of  compartments  suit- 
able for  carrying  the  buzzers,  batteries,  flags,  field  glasses,  and  other 
equipment  used  by  field  companies  of  the  Signal  Corps.  The  rear 
signal  cart  may  be  detached  from  the  reel  cart,  and  the  former  used 
alone  in   laying  and  recovering  wire.      The  pintle  type   wagon  is 
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drawn  by  four  horses.  The  signal  cart  chest  is  capable  of  being 
moved  forward  and  backward  to  adjust  weight  on  the  horses'  necks. 

In  case  neither  of  these  vehicles  are  available,  field  wire  lines  may 
be  laid  and  recovered  by  means  of  escort  wagons  and  ordinary 
"  barrow  "  reels. 

For  handling  the  small  insulated  buzzer  wire,  which  is  furnished 
one  one-half  mile  spools,  the  pay-out  handles  and  breast  reels  answer 
every  purpose  either  on  foot  or  mounted. 

The  instrument  wagons  are  spring  wagons  provided  with  paulins 
or  wagon  sheets,  in  which  instruments,  light  tools,  repair  parts,  etc., 
may  be  transported. 

The  lance  truck  is  a  wagon  with  a  high  seat  and  long  reach,  suited 
for  the  transportation  of  lances  18  feet  long.  Four  mules  suffice  for 
this  load  under  ordinary  conditions. 

The  balloon  train  requires  two  special  wagons;  one  for  transporta- 
tion of  the  steel  cylinders,  about  7  feet  long  and  10  inches  diameter, 
in  which  the  compressed  hydrogen  gas  is  carried,  and  another  called 
a  winch  wagon,  with  engine  and  drum  for  paying  out  and  recovering 
captive  balloons. 

Special  pack  chests  are  provided  for  the  Signal  Corps  supplies,  and 
the  present  field  wireless  pack  set,  which  is  carried  on  three  mules, 
requires  special  fittings  for  the  aparejos. 

WIRE  USED  IN   FIELD  OPERATIONS. 

For  the  permanent  military  lines,  No.  9  galvanized  wire,  weighing 
320  pounds  to  the  mile,  is  the  standard. 

For  semipermanent  lines,  such  as  lance  lines.  No.  14  galvanized 
wire,  weighing  about  100  pounds  per  mile,  is  used. 

The  two  kinds  of  Avire  used  in  field  lines  are  know.n.  respectiveh% 
as  "field  wire"'  and  "buzzer  wire."  The  former  corresponds  with 
the  "  field  cable  "  used  abroad.  Our  field  wire  consists  of  a  larger 
copper  wire  surrounded  by  ten  small  tinned  steel  wires  of  very  high 
tensile  strength.  This  is  covered  with  a  layer  of  cotton,  then  vul- 
canized rubber,  and  an  outer  coating  of  braid,  which  is  saturated  with 
an  asphaltum  compound.  The  whole  is  about  one-eighth  inch  in  diam- 
eter, has  a  tensile  strength  of  over  300  pounds,  and  weighs  70  pounds 
per  mile.  Ten  miles  of  it  may  be  carried  on  the  drum  of  the  latest 
type  reel  cart.  Its  strength  and  insulation  are  little  impaired  by 
wagons  and  troops  passing  over  it.  It  is  very  pliable  and  lies  flat  on 
irregular  ground.  As  it  is  laid,  mounted  men  folloAV  the  reel  cart 
with  pikes  or  lances  having  hooks  on  the  ends,  either  placing  the 
wdre  out  of  the  way  on  the  road  or,  if  need  be,  hooking  it  \\p  on 
trees.  It  is  difficult  to  break  or  injure  this  wire  unintentionally.  If 
found   broken,   instructions  have  recently  been   issued  to  the  army 
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showing  the  proper  method  of  quick  repair.  This  is  done  by  tying 
the  ends  together  with  a  hard  knot,  leaving  about  a  foot  of  each 
free.  The  insuhition  is  then  removed  from  the  ends  for  several 
inches  and  the  bare  wires  twisted  together. 

Buzzers  or  field  telephones  may  be  quickly  connected  to  field  wire 
by  means  of  ''  Type  A  buzzer  connectors."  These  connectors  are 
furnished  with  sharp  teeth  that  pierce  the  insulation  readily,  and 
when  withdrawn  damage  the  wire  very  little. 

In  every  way  this  type  of  wire  seems  eminently  suited  for  field 
lines,  the  only  objection  being  its  cost,  which  is  about  $75  per  mile. 

A  small  wire  of  this  class,  suitable  for  laying  from  a  hand  reel,  is 
called  "  buzzer  wire."  This  consists  of  two  fine  steel  wires  and  one 
of  copper,  covered  with  cotton  saturated  w^ith  compound.  This  wire 
weighs  about  10  pounds  per  mile  and  is  put  up  on  half-mile  spools. 
This  permits  paying  out  the  wire  from  a  simple  holder  from  horse- 
back and  its  recovery  by  means  of  a  breast  reel.  This  wire  is  used 
for  short  lines  or  for  emergency  lines  over  rough  ground  where  the 
heavier  field  wire  can  not  be  carried. 

It  may  be  useful  to  remember  that  since  buzzers  will  operate  over 
long  stretches  of  bare  wire  laid  on  the  ground  even  in  wet  weather, 
field  lines  of  any  kind  of  wire  available  may  be  laid  in  emergencies. 

INSTRUMENTS    FOR    ELECTRICAL    LINES    OF    INFORMATION. 

Base  lines  and  other  permanent  telegraph  lines  will,  of  course, 
make  use  of  the  familiar  commercial  apparatus.  Morse  instruments 
of  various  portable  forms,  such  as  the  box  relay,  main-line  sounder, 
or  pocket  relay,  will  be  used  on  semipermanent  lines  wherever  prac- 
ticable. These  require,  however,  large  battery  equipment  and  well- 
insulated  lines,  and  in  bad  weather  the  instruments  are  difficult  to 
keep  in  adjustment. 

THE    BUZZER. 

On  our  field  lines  the  buzzer  in  one  of  its  forms  is  almost  uni- 
versally used.  This  instrument  was  introduced  into  our  service  about 
1890  and  first  showed  its  capabilities  in  the  Philippine  and  China 
campaigns.  In  its  present  forms  of  "  field  buzzer,"  and  still  more 
portable  "  cavalry  buzzer,"  it  combines  in  a  small  leather  case  weigh- 
ing a  few  pounds  a  complete  telegraph  and  telephone  station,  includ- 
ing the  necessary  batteries.  Its  capacity  for  working  over  circuits 
impossible  for  any  other  telegraph  instrument,  such  as  bare-wire 
lines  laid  on  the  ground,  through  wire  of  wire  fences,  or  railroad 
rails,  or,  more  incredible  still,  through  considerable  breaks  in  the  line 
wdien  the  ends  lie  on  the  ground,  makes  it  the  ideal  instrument  for 
field  lines. 
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To  open  a  .-tation  it  is  neccssaiy  only  to  fasten  the  buzzer  connector 
with  flexible  cord  from  one  binding  post  to  the  field  wire,  and  from 
the  other  bindino-  post  a  flexible  wire  leads  to  a  small  ground  rod 
or  metal  peg  driven  into  the  ground.  In  emergencies  the  ground 
wire  may  be  held  in  the  hand,  or  when  used  mounted  may  be  con- 
nected to  the  horse  b}^  a  small  metal  plate  under  the  saddle  blanket. 

By  working  the  kej-  an  interrupter  is  operated  giving  a  high 
singing  note,  which  is  broken  up  into  the  dots  and  dashes  of  the  Morse 
alphabet.  These  correspond  to  vibratory  electrical  impulses  which 
go  out  on  the  line  and  are  heard  in  the  telephone  receiver  at  the  dis- 
tant station.  The  efficiency  of  the  buzzer  under  the  difficult  conditions 
stated  is  due  to  the  marvelous  sensitiveness  of  the  telephone  receiver 
to  these  rapidly  pulsating  currents.  In  practically  the  same  circuit 
as  the  interrupter  is  a  telephone  transmitter,  and  when  the  button 
SAvitch  on  this  is  depressed  the  instrument  becomes  at  once  converted 
into  a  very  efficient  telephone  set. 

The  cavalry  buzzer  is  the  lightest.  Aveighing  about  4^  pounds,  and 
comparable  to  a  good-sized  field  glass  in  dimensions.  It  has  not  so 
much  power  as  the  field  buzzer,  which  is  about  50  per  cent  heavier 
and  bulkier.  For  buzzer  telegraphy  over  difficult  lines  the  field  buz- 
zer's superior  power  will  probably  make  it  the  preferable  instrument. 

THE   FIELD   TELEPHONE. 

This  instrument,  as  described  in  Chapter  V,  has  all  the  power  of 
the  most  complete  telephone.  The  box  is  very  strong  and  weather- 
proof and  has  a  strap  for  convenience  in  carrying.  The  transmitter 
and  receiver  are  attached  to  a  handle  containing  a  switch,  which  is  de- 
pressed by  the  fingers  and  brings  the  battery  into  operation  when 
talking.  The  connections  are  very  simple  and  easily  repaired  when 
deranged.  It  can  be  connected  to  field  lines  and  the  ground  in  the 
same  Avay  as  the  buzzer.  Its  commonest  use,  hoAvever,  is  for  camp 
lines  Avhere,  Avith  its  generator  and  call  bell,  it  is  specially  suited  for 
connection  Avith  the  field  SAvitchboard.  This  latter  instrument  has  ten 
drops  and  can  take  care  of  connections  Avith  10  lines,  or  more  tele- 
phones if  party  lines  are  practicable.  This  SAvitchboard  uses  cams  for 
making  connections,  instead  of  the  cords  and  plugs  of  the  commercial 
SAvitchboards.  thus  saving  greatly  in  bulk  and  securing  greater 
portability. 

FIELD  INDUCTION  TELEGRAPH. 

On  semipermanent  lines,  especially  where  business  over  them  is 
heaA\v,  the  continual  use  of  the  buzzer  is  very  fatiguing  to  Morse 
operators.  The  field  induction  telegraph  set.  permitting  the  use  of 
the  ordinary  sounder,  has  been  devised  especially  for  this  class  of 
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lines.  The  case,  furnished  with  a  carrying  strap,  weighs  about  12 
pounds.  In  this  are  a  polarized  relay,  sounder,  key,  four  cells  of  dry 
battery,  and  a  special  form  of  induction  coil.  By  means  of  this  induc- 
tion coil  the  operation  of  the  key  sends  out  impulses  of  liigh  voltage 
over  the  line  and  relays.  These  relays  are  very  sensitive  and  operate 
with  a  remarkably  small  current.  As  a  result  of  the  voltage  increase 
and  relay  sensibility,  three  of  the  dry  cells  Avill  work  the  sets  over 
hundreds  of  miles  of  iron  wire,  over  ordinary  circuits  where  the  insu- 
lation leakage  permits  the  escape  of  05  per  cent  of  the  current. 
Doing  away  as  it  does  Avith  carrying  large  amounts  of  battery,  it  is 
believed  to  be  a  useful  intermediate  instrument  between  the  buzzer 
and  the  regular  telegraph  installation.     (See  figs.  204  and  205.)    , 

SELECTION  OF  INSTRUMENTS. 

It  thus  appears  that  the  buzzer,  the  telephone,  and  telegraph  each 
has  fairly  well  defined  roles  in  operating  electrical  lines  of  informa- 
tion. The  buzzer  is  the  pioneer  which  clears  the  way,  follows  up  the 
fighting  line,  and  can  operate  over  any  kind  of  a  line.  Its  function  as 
a  telegraph  instrument  is  the  paramount  one  on  account  of  its  relia- 
bility, although  as  stated  it  is  a  good  telephone  Avhen  the  wire  is  in 
proper  condition.  The  field  telephone  is  most  useful  in  camp  admin- 
istration lines  or  over  semipermanent  lines  in  general,  where  tele- 
phone service  seems  desirable. 

The  telegraph  is  standard  where  lines  are  established  and  where 
the  volume  and  importance  of  business  become  great.  To  the  trained 
operator  there  is  nothing  to  equal  the  clearness  and  certainty  with 
Avhich  a  message  on  a  Morse  sounder  is  delivered,  and  such  operation 
is  the  ultimate  excellence  toward  which  military  lines  aim. 

The  decision  as  to  when  the  telephone  or  telegraph  should  be 
installed  or  used  is  governed  by  the  following  considerations: 

The  telephone  does  not  require  trahied  operators. 

The  telephone  may  be  used  for  direct,  and  consequently  confidential,  commu- 
nication between  officers. 

Time  is  saved,  compared  with  telegraphy,  especially  when  the  users  are 
accustomed  to  the  telephone. 

The  telegraph  is  superior  to  the  telephone  in  the  following  ways: 
Accuracy. — A  written  message,  spelled  out  by  telegraphy,  written 
and  delivered,  has  an  obvious  advantage  over  one  delivered  by  word 
of  mouth. 

Reliability. — In  the  field,  especially  when  the  wind  is  blowing  in  the 
ears  and  various  other  noises  tend  to  confuse,  it  is  very  hard  to  dis- 
tinguish in  the  telephone  words  wdiich  sound  alike.  This  is  especially 
confusing  to  an  enlisted  man  unused  to  expressions  common  in  mili- 
tary messages.  The  sharp  signals  on  the  buzzer  or  sounder  are  much 
more  reliable. 
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Speed. — It  is  found  in  the  case  of  written  messages  transmitted  by 
buzzer  and  telephone,  that.  oAving  to  frequent  repetitions  required  by 
telephone,  the  buzzer  will  fjenerally  exceed  it  in  speed. 

From  the  foregoing  considerations,  it  is  evident  that  officers  should, 
when  time  permits,  always  write  out  their  messages  in  proper  form. 
The  use  of  the  telephone  should  be  restricted  to  communication  be- 
tween officers.  The  direction  to  an  operator  verbally  to  send  mes- 
sages by  telegraj)!)  is  very  inadvisable.  Sending  messages  by  dicta- 
tion lliroiigh  the  telephone  invites  almost  certain  errors. 


I'n;.   I'j'.i. — SlaiulMid  nrfick'S  of  Hold  equipment. 


id)    Insi)ec(()r's  pocket  kit. 

(h)    InsnlMtin.y;  tiipe. 

((•)    Field  mesaplione. 

id)    Spool   Inizzcr  wire. 

(r)    Telei)liono  ground  rod. 

(f)    Buzzer  connector,  type  "A." 


(y)    Pliers. 

(/))    Pay-out  handle. 

(i)     Buzzer  connector,  type  "  B." 

(7,-)    Hand  reel. 

(Z)    Breast  reel. 


>risrETx.\xKOUS  field  eqi'ip:mext. 


Breast  reels. — Breast  reels,  fig.  100  (7),  are  used  for  taking  up  con- 
siderable lengths  of  buzzer  wire.  These  reels  have  a  gear  of  '1\  to  1. 
Thev  are  made  of  brass  Avith  black  finish  and  weigh  about  one-half 
pound.     These  I'eels  are  not  used  foi-  i)aying  out  l)uzzer  wire. 
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Hand  reels. — Hand  reels,  fig.  199  (/i),  are  used  in  talking  up  sliort 
lengths  of  buzzer  wire.  They  are  made  of  brass  with  oak  handles. 
The  hand  reel  is  also  used  in  paying  out  buzzer  wire. 


-Signal  Corps  pay-out  handle. 


Payout  handles. — A  payout  handle  (fig.  200)  consists  of  a  brass 
rod  4  inches  in  lenglh  with  a  wooden  handle  on  one  end.  They  are 
used  in  paying  out  buzzer  wire,  the  spool  being  held  on  the  rod  by  a 
spring  joint. 


Fig.  UUl. — (ii-oiind  rod,  model  1010. 


Groi/nd  rods. — Two  types  of  ground  rods  are  used  for  field  work. 
One  type  consists  of  the  ordinary  telephone  gi'ound  rod,  shown  in 
figure  199e.  The  ground  rod,  model  1910,  shown  in  figure  201,  is  16|- 
inches  in  length,  and  weighs  about  three-fourths  of  a  pound.     It  is 
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Fig.   202.- -Win-   i)ike. 


made  of  steel  tubing  with  a  block  of 
insulating  material  mounted  in  the 
handle.  Upon  this  handle  is 
mounted  a  test  clamp  terminating 
in  the  binding  post.  The  body  of 
the  rod  is  connected  to  a  similar 
binding  post  1^  inches  above  the 
chini])  binding  post.  These  ground 
rods  are  used  in  connecting  tele- 
phones and  buzzers  to  field-wirs 
lines.  To  connect  the  line  the  rod 
is  inserted  in  the  earth  near  the 
Avire,  and  the  field  wire  "  clipped  *' 
on  the  test  clamp.  One  end  of  the 
double  flexible  cord  is  connected  to 
the  binding  posts  mentioned  and  the 
other  end  to  the  telephone  or  buzzer 
binding  posts. 

Pikes,  irt're. — Tlie  wire  pike  with 
model  1910  hook  is  shown  in  figure 
202.  This  hook  is  made  of  malle- 
able cast  iron.  The  upper  point  is 
bent  out  three-fourths  inch  to  facili- 
tate picking  up  Avire  by  mounted 
men.  The  hook  proper  is  about  one- 
half  foot  in  length  and  is  carried  on 
a  staif  of  straight-grained  hickory. 
The  complete  pike  is  0  feet  in  length. 
Megaphones,  fiber,  IS-inch. — The 
latest  type  of  Signal  Corps  field 
megaphone  is  made  of  fiber,  with 
ahiminum  mouthpiece  and  leather 
handle.  These  megaphones  are  18 
inches  long  and  9  inches  at  the  di- 
ameter of  the  bell.    Fig.  199  (c). 

Poles,  lance,  and  insulators. — These 
poles  are  usually  made  of  well-sea- 
soned, straight-grained  pine  or  cy- 
press, and  are  13  feet  11  inches 
from  tip  to  tip.  The  diameter  of 
the  pole  at  the  butt  is  2  inches,  taper- 
ing to  1.",  inches  where  it  enters  the 
head.  The  butt  of  each  pole  is  pro- 
A-ided  with  a  blunt  point  %  inches 
long.     The  top  is  shaped  to  fit  in 
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a  galvanized-iron  head  3  inches  in  length.  The  hitter  is  threaded 
to  receive  a  correspondingly  threaded  galvanized-iron  rod,  upon 
which  is  fitted  a  molded  mica  insulator.  Two  dilferent  devices 
are  used  for  holding  the  wire  upon  the  insulators.  The  first  is  a 
bent  galvanized-iron  wire  appliance  called  from  its  shape  a  "  pig-tail 
insulator.''  The  second  is  a  U-shaped  device  similarly  mounted, 
called  a  "clamp  insulator."  The  clamp  insulator  is  employed  on 
about  every  fifth  pole  of  a  lance  line,  to  prevent  a  longitudinal  move- 
ment of  the  wire,  while  the  pig-tail  insulator  is  used  upon  the  other 
poles.  The  lance  pole  weighs  about  7  pounds  and  the  galvanized-iron 
head  with  insulator  about  3  pounds. 


Fi(!.   L'O:'.. —  lUizzcr  eoniK'etor,  type  "A." 

Bvsser  connectors. — Model  ^1 ;  This  form  of  connector  is  made  of 
nickeled  steel,  and  should  be  used  for  "clipping"  on  the  buzzer  wire 
and  the  11-strand  field  wire.  Extra  studs  should  be  kept  on  hand  for 
repairs.  These  studs  screw  into  the  connector  and  may  be  removed 
if  necessary.  The  flexible  cord  should  not  be  knotted  up  or  twisted, 
as  this  tends  to  break  it.     A  model  A  connector  is  shown  in  figure  203. 

Model  B :  This  connector  is  made  of  brass,  with  fiber  block  and 
small  steel  needle  teeth  for  making  contact,  and  is  used  with  the  field 
Avire,  field  artillery  type  (double  conductor).  To  use,  lay  the  wire  in 
the  conductor,  clamp  it,  and  connect  the  telephone  cord  to  the  binding 
post  on  either  side  of  the  connector.  A  model  B  connector  is  shown 
in  figure  199(^). 
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Insfectors  pocket  l-H. — This  kil  contains  the  followinii"  eqniiMiient, 
fig.  199  (a)  : 

1  combined  screw-driver  and  skinninj;  knife  witli  safety  sprinj;. 

1  electrician's  scissors,  o-incli.  nickel. 

1  pair  pliers.  5-iucli,  side  cntting,  nickel. 

1  bastard  tile.  3-incb,  half  round,  with  handle. 

1  pair  t\v«>ezors,  4;r  inch,  nickel. 

1  screw-driver,  2-inch. 

1  rule,  2-foot,  narrow,  four-fold,  boxwood,  brass  bound. 

WIRE. 

The  types  of  wire  described  in  the  followincr  paraarraphs  are  those 
most  commonly  used  in  Signal  Cor])s  work.  Kequisitions  for  ma- 
terial of  this  character  should  be  confined  as  far  as  possible  to  the 
types  of  wire  described. 

i  Hard-draicn  copper  wire  Xo.  11^. — This  Avire  weighs  65  pounds  per 
mile  and  is  furnished  in  coils  of  1-mile  length.  It  is  used  for  tele- 
phone and  telegraph  lines  where  Ioav  ohmic  resistance  is  required  and 
the  climatic  conditions  are  not  suitable  for  the  use  of  iron  wire. 

Hard-drawn  copper  wire  No.  12. — This  wire  weighs  105  pounds 
per  mile  and  is  furnished  in  coils  of  1-mile  length.  This  wire  is  used 
for  the  same  purposes  as  the  Xo.  14  wire,  but  provides  greater  me- 
chanical strength  with  lower  ohmic  resistance. 

No.  IJi  galvanized -iron.  xnre. — This  wire  weighs  06  pounds  j^er  mile 
and  is  furnished  in  coils  of  1-mile  length.  A  grade  most  commonly 
used  for  Signal  Corps  work  is  known  2l^  E  B  B.^  and  is  used  for  tele- 
phone and  telegraph  lines  where  the  lines  are  of  short  length  or 
temporary  in  character.  This  Avire  has  a  high  tensile  strength,  but 
the  ohmic  resistance  is  also  higher  than  that  of  copper  and  the  iron 
wire  deteriorates  from  exposure  to  the  Aveather. 

No.  9  galvanized-iron  wire  weighs  805  pounds  per  mile  and  is 
furnished  in  coils  of  (me-half  mile  lengths.  This  wire  is  used  for 
telegra]:)h  lines  in  exposed  locations  where  high  tensile  strength  is 
required. 

Outside  twisted  pair  wire  No.  14- — This  wire  weighs  398  pounds 
per  mile  and  is  furnished  in  coils  of  about  500  feet  in  length.  The 
copper  conductor  is  rubber  covered  and  braided.  This  wire  is  used 
for  drop  wires  and  for  telephone  and  telegraph  lines  where  an  insu- 
lated wire  is  necessary. 

Outside  twisted  pair  wire  No.  12  is  issued  in  coils  of  about  500  feet 
in  length,  and  is  used  for  the  same  purposes  as  the  smaller  size  of 
this  wire,  but  provides  greater  tensile  strength  and  conductivity. 

Field  tcire,  11-strand. — This  wire  weighs  about  75  pounds  per  mile 
and  is  furnished  in  coils  or  on  spools  of  about  one-half  mile  length. 
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It  is  composed  of  10  strands  of  steel  and  1  strand  of  copper  wire  insu- 
lated with  rubber  and  covered  with  a  saturated  braid.  This  wire  is 
used  for  field  lines  for  telej)hone  or  telegraph  service  and  is  issued  to 
field  companies  of  the  Signal  Corps.  It  wdll  withstand  a  breaking 
strain  of  220  pounds. 

Buzzer  wire. — This  wnre  is  composed  of  2  steel  strands  and  1  copper 
strand  laid  together  and  covered  by  a  light  insulation.  The  wire  is 
wound  on  spools  (5  inches  in  diameter  and  3  inches  along  the  axis,  each 
containing  one-half  mile  of  Avire  and  weighing  10  pounds.  The 
buzzer  wire  has  a  breaking  strength  of  about  67  pounds  and  is  in- 
tended for  use  over  short  distances  or  over  a  terrain  where  it  is  im- 
practicable to  lay  wire  from  a  reel  cart. 

Antenna  wire  is  composed  of  7  strands  of  No.  20  phosphor  bronze 
wire  equivalent  to  about  No.  12,  B.  &  S.  gauge.  This  wire  provides 
great  strength  Avith  good  conductivity.  It  is  issued  for  field  AA^reless 
pack  sets  and  for  use  in  antenna?  for  all  Avireless  stations. 

Antenna  cord  is  made  up  of  stranded  phosphor  bronze  Avires  equiv- 
alent to  No.  16,  B.  &  S.  gauge.  It  is  more  flexible  than  antenna  Avire 
and  is  issued  for  field  Avireless  pack  sets. 

Field  artillery  Avire,  tAvin  conductor,  is  issued  for  use  of  the  Field 
Artillery  for  telephone  lines.  This  Avire  has  Iavo  conductors  insu- 
lated Avith  rubber  and  covered  Avith  a  common  braid.  It  provides  a 
metallic  circuit,  thus  aA^oiding  the  use  of  field  ground  rods  in  this 
connection. 

Inside  tAvisted  pair  Avire  is  furnished  in  coils  of  500  feet  in  length, 
and  is  equivalent  to  No,  19,  B.  &  S.  gauge.  It  is  issued  for  fire-control 
work  at  coast  artilleiy  posts  and  is  used  for  inside  Aviring  and  cross 
connections. 

House  Avire  is  furnished  in  coils  of  500  feet  in  length,  the  conductor 
being  No.  19  copper.  This  Avire  is  used  for  all  inside  or  house  Aviring 
at  posts  other  than  fire  control. 

Bridle  Avire  is  issued  in  coils  of  500  feet  in  length  and  is  used  for 
connecting  aerial  line  wires  to  pole  terminals. 

Pothead  wire  is  issued  in  coils  of  500  feet  in  length  and  is  used  in 
insulating  the  terminals  of  conductors  of  paper-insulated  cable. 

Cross  connecting  Avire  is  furnished  in  coils  of  500  feet  in  length  for 
making  cross  connections  in  terminal  boxes  and  distributing  frames. 

Cable  core  consists  of  a  conductor  of  7  No.  20  copper  Avires  covered 
w^ith  a  liigh  grade  of  rubber  compound.  This  is  issued  for  use  as  a 
counterpoise  for  field  Avireless  pack  sets. 

Instrument  Avire  has  a  stranded  copper  conductor  coA^ered  Avith 
rubber  and  an  outside  braid.  This  Aviye  is  used  in  wiring  fire-control 
telephones  and  similar  instnmients.  It  is  furnished  in  various  colors 
to  conform  to  color  codes  for  the  various  instruments. 
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Zone  signal  Avire  is  furnished  fur  wiring  zone  signal  apparatus  at 
fire-control  installations.  This  wire  has  a  stranded  conductor  with 
rubber  insulation  and  outside  bi'aid.    It  is  furnished  in  red  and  black. 

Splichu/  field  wii-e. — When  field  wire  has  been  broken  or  cut,  it  will 
necessarily  have  to  be  spliced.  Splices  in  field  wires  may  be  either 
temporai'V  or  pei-nianent  in  character.  If  the  wire  is  severed  while  in 
use,  the  line  guard  should  locate  the  fault  and  complete  the  splice  as 
quickly  as  possible.  A  temporary  splice  may  be  made  as  follows: 
The  two  ends  of  tlie  severed  wire  having  been  caught  up  the  ends  are 
scraped  of  insulation  (skinned)  after  a  square  knot  has  first  been  tied 
by  knotting  the  two  ends  of  the  wire  together.  This  knot  is  made  to 
take  the  strain  oft'  of  the  splice.  Care  in  making  the  square  knot 
should  be  observed,  so  that  a  gi-anny  knot  may  not  result.  After 
knotting  the  wire  the  skinned  ends  are  then  twisted  tightly  together. 

As  soon  as  convenient  the  wire  should  be  gone  over,  the  bad  lengths 
cut  out,  and  permanent  splices  made  in  place  of  the  temporaiT  ones. 
To  make  a  permanent  splice,  skin  off  the  insulation  for  about  4  inches 
on  each  end  and  sej^arate  the  steel  and  copper  strands,  so  that  the 
two  copper  strands  may  first  be  wound  tightly  together.  The  copper 
may  be  distinguished  from  the  steel  by  its  greater  pliability.  The 
steel  strands  are  now  wound  together  making  the  joint  mechanically 
secure.  8nap  oft'  the  loose  ends  and  solder  the  joint.  Wind  insulat- 
ing tape  tightly  over  the  splice. 

The  double  conductor  wire,  field  artillery  type,  fihonld  never  he  cut. 
Model  B  buzzer  connectors  are  furnished  for  "  clipping "  on  this 
wire  and  the  telephones  are  in  turn  connected  to  the  binding  posts  of 
the  connectors  bv'  cords  specially  provided  for  that  purpose.  If  this 
wire  becomes  severed  proceed  as  follows:  Remove  the  outer  coating 
of  insulation  for  about  1  foot  on  each  loose  end  and  separate  the  two 
conductors.  Cut  about  G  inches  off  of  one  conductor  on  each  end  as 
shown  in  the  figure.  Complete  splice  for  each  separate  conductor  as 
described  for  single  conductor.    The  whole  joint  is  then  taped  up. 

FIKLD  INDI  CTION   TELEGRAPH  SET. 

The  field  induction  telegraph  set  is  designed  for  sending  Morse 
signals  over  field  lines  of  connnunication  and  may  be  used  for  this 
purpose  in  all  cases  where  the  buzzer  is  so  employed.  It  can  not  be 
used,  however,  for  tlie  transmission  of  speech.  The  general  appear- 
ance of  the  instrument  is  shown  in  figure  '204.  The  top  of  the  instru- 
ment is  show'n  open  with  a  card  of  instructions  and  the  wiring  dia- 
gram on  its  inner  surface.  The  front  side  of  the  box  is  hinged  at  the 
bottom  and  opens  out  and  acts  as  an  operating  shelf  on  which  the 
sending  key  is  mounted.  The  circuits  of  the  set  are  shown  in  figure 
205.     Bv  reference  to  this  fiirure  it  will  be  seen  that  there  are  three 
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principal  circuits:  First,  the  primary  circuit,  couiprisin<i;  sending  key, 
three  cells  of  battery,  and  coarse  wire  winding  of  the  induction  coil 
in  series;  second,  the  secondary  circuit,  comprising  the  two  Avindings 
of  the  polarized  relay  in  series,  the  fine  wire  winding  of  the  induction 
coil,  line  and  ground  connections:  third,  the  local  sounder  circuit, 
comprising  one  cell  of  local  battery,  battery  switch,  sounder  and  relay 
contacts  in  series.  The  operation  of  the  set  is  as  follows:  When  the 
sending  key  is  closed,  battery  flows  through  the  coarse  wire  winding 
of  the  induction  coil,  inducing  a  momentary  current  in  tlio  fine  wire 


Fir,.  204. — Field  iiuliictiou  set. 

winding  which  passes  through  the  rela}'  windings  and  a  similar  cir- 
cuit at  the  distant  station.  The  relay  contacts  are  closed  during  the 
time  this  current  flows  and  remain  closed  until  the  key  is  opened, 
when  the  discharge  of  the  induction  coil  being  in  the  opposite  direc- 
tion- from  the  original  current  o]iens  the  relay  contacts  and  releases 
the  sounder.  The  advantages  of  the  field  induction  telegraph  set  are 
the  ease  of  continuous  sending  with  the  standard  telegraph  key,  the 
audible  signals  j^roduced  by  the  local  sounder  circuit,  and  the  sensi- 
tiveness of  the  polai-ized  relay  to  a  small  current.     The  speed  in  send- 
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in«'  is  also  ffronter  than  is  possible  with  the  various  types  of  buzzers. 
On  the  othei'  hand,  the  instiuinent  ivc^uires  more  careful  adjustment 
for  satisfactory  service  and  is  moi-e  difficult  to  maintain  in  perfect 
operatinc:  condition. 
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For  operating  the  set  should  be  placed  in  a  position  as  level  and 
solid  as  possible.  The  relay  magnets  should  be  adjusted  with  the 
screws  at  each  end  so  that  the  curved  pole  pieces  are  about  one-eighth 
inch  from  the  armature. 
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The  top  adjusting  screw  is  then  set  so  the  tong-ue  of  relay  will  lie 
against  either  front  or  back  stop  indifferently.  The  play  of  tongue 
should  not  exceed  one  thirty-second  of  an  inch.  When  line  and 
ground  are  connected,  if  your  own  sending  is  reversed,  transpose  the 
wires  connected  to  first  and  fourth  binding  posts  of  relay,  counting 
from  left,  or  transpose  the  wires  connected  with  positive  and  negative 
poles  of  main  (3-cell)  battery.  If  signals  from  distant  stations  come 
reversed,  transpose  line  and  ground  connections. 

In  case  of  trouble  with  local,  it  will  be  found  that  on  ordinary  lines, 
by  giving  the  tongue  of  relay  a  play  of  about  one-eighth  inch  and 
opening  the  glass  cover,  the  sound  of  the  relay  will  answer  in  quiet 
situations. 

The  general  dimensions  of  this  set  are :  Height,  7^  inches ;  Icjigth, 
12f  inches;  width,  05  inches. 


Chapter  X. 
Miscellaneous  Tables  and  Infok^lmiox." 

units  of  resistance. 

The  unit  of  irsistance  now  universally  used  is  the  international 
ohm.    The  following-  nniltipies  of  this  unit  are  sometimes  emi^loyed : 

Ohms. 
Megohm =1,000,000. 
Microhm=0.000,001. 

The  following  table  gives  the  value  of  the  principal  })raetical  units 
of  resistance  which  existed  previous  to  the  establishment  of  the 
international   units: 


Unit. 


International  ohm. 

B.  A.  ohm 

Legal  ohm 

Siemens's  ohm 


Interna- 
tional ohm. 


1.000 
.9866 
.9972 
.9407 


B.  A.ohm. 


1.0136 
1.000 
1.0107 
.  9.^5 


Legal  ohm,    Siemens's 
1884.  ohm. 


1. 0028 
.  9S94 

1.000 
.9434 


1.0630 
1.0488 
1.0600 
1.000 


Thus,  to  reduce  British  Association  ohms  to  international  ohms 
Ave  divide  by  1.0130,  or  multiply  by  O.DSGG;  and  to  reduce  legal  ohms 
to  international  ohms  we  divide  by  1.0028,  or  inultiph'  by  0.997-2,  etc. 


Let 


Then 


SPECIFIC    RESISTANCE. 

Z  =  length  of  the  conductor. 
^  =  cross  section  of  the  conductor. 
^=  resistance  of  the  conductor. 

p  =  specific  resistance  of  the  conductor. 

J.       I 


or 


P  =  B 


U 


If  7  is  measured  in  centimeters  and  .1  in  square  centimeters,  p  is 
the  resistance  of  a  centimeter  cube  of  the  conductor.  If  /  is  measured 
in  inches  and  .4  is  square  inches,  p  is  the  resistance  of  an  inch  cube 
of  the  conductor, 

"  Data  from  Foster's  Electrical  Engineer's  Pocketbook,  by  perniissiou  of  the 
Itublishers.  D.  Van  Nostnmd  Company,  New  York. 
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In  telegraph  and  telephone  practice,  specific  resistance  is  some- 
times expressed  as  the  'weight  per  mUe-oJini^  which  is  the  weight  in 
pounds  of  a  conductor  1  mile  long  having  a  resistance  of  1  ohm. 

Another  common  way  of  expressing  specific  resistance  is  in  terms 
of  ohms  fer  mil-foot^  i.  e.,  the  resistance  of  a  round  wire  1  foot  long 
and  0.001  inch  in  diameter;  1  is  then  measured  in  feet  and  A  in 
circular  mils. 

Microhms  per  inch  cube  =  0.8037  X  microhms  j)ei-  centimeter  cube. 

Pounds  per  mile-ohm  =  57.07  X  microhms  per  centimeter  cube  X 
specific  gravity. 

Ohms  per  mil-foot  =^  6.015  X  microhms  per  centimeter  cube. 

Specific  conductivity  is  the  reciprocal  of  specific  resistance.  If 
c=specific  conductivity, 

^= — 11 

cA 

"^^  RA' 
1 
P 

By  relative  or  percentage  conductivity  of  a  sample  is  meant  100 
times  the  ratio  of  the  conductivity  of  the  sample  at  standard  tem- 
perature to  the  conductivity  of  a  conductor  of  the  same  dimensions 
made  of  the  standard  material  and  at  standard  temperature.  If  p^  is 
the  specific  resistance  of  the  sample  at  standard  temperature  and  pa 
is  the  specific  resistance  of  the  standard  at  standard  temperature,  then 

Percentage  conductivity  =  100  — . 

Po 

In  comparing  different  materials,  the  specific  resistance  should 
always  be  determined  at  the  standard  temperature,  which  is  usually 
taken  as  0°  centigrade.  If  it  is  inconvenient  to  measure  the  resistance 
of  the  sample  at  the  standard  temperature,  this  may  be  readily  cal- 
culated if  the  temperature  coefficient  a  of  the  sample  is  known,  i.  e., 

_    Pt 

where  pt  is  the  specific  resistance  at  temperature  t. 

Matthiessen's  standard  of  conductivity.  Avhich  is  the  counnercial 
standard,  is  a  copjjer  wire  having  the  following  properties  at  the 
standard  temperature  of  0°  centigrade: 

Specific  gravity 8.89. 

Lengtli 1  meter. 

Weiglit - 1  gram. 

Resistance 0.141729  ohms. 

Specific  resistance 1.594  microhms  i^er  fuhic  centimeter. 

Relative  conductivity 100  per  cent. 
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Specific  resistance,  relative  resista)ice,  and  nlutirc  co iid ti ctiv it y  of  conductors. 
■[lief erred  to  Matthiessen's  standard.] 


Metals. 


Silver,  annealed 

Copper,  annealed 

Copper  (Matthiessen's  standard ) 

Gold  (99.9  per  cent  pure) 

Aluminum  (99  per  cent  pure) 

Zinc 

Platinum,  annealed 

Iron 

Nickel 

Tin 

Lead 

Antimony  

Mercury 

Bismuth 

Carbon  (graphitic) 

Carbon  (arc  light)  ..• 

Selenium 


Resistance  in  microhms 

at  0°  C. 

Relative 

Relative 

resist- 

conduc- 

Centimeter 
cube. 

Inch  cube. 

ance. 

tivity. 

Per  cent. 

Per  cent. 

1.47 

0.579 

92.5 

108.2 

1.55 

.610 

97.5 

102.6 

1.594 

.  6276 

100 

100 

2.20 

.865 

138 

72.5 

2.56 

1.01 

161 

62.1 

^.Ib 

2.26 

362 

27.6 

8.98 

3.53 

565 

17.7 

9.07 

3.57 

570 

17.6 

12.3 

4.85 

778 

12.9 

13.1 

5.16 

828 

12. 1 

20.4 

8.04 

1,280 

7.82 

35.2 

13.9 

2,210 

4.53 

94.3 

37.1 

5,930 

1.69 

130. 

51.2 

8,220 

1.22 

2.400-42,000 

950-16,700 

about  4,000 

about  1,590 

6  X  1010 

2.38  X  10>« 

Resistances  of  liquid  conductors. 


Liquids  lit  18°  C. 


Pure  water 

Sea  water 

Sulphuric  acid: 

5  per  cent 

30  percent 

80  percent 

Nitric  acid,  30  per  cent 

Zinc  sulphate,  24  per  cent 


Ohms  per 

centimeter 

cube. 


Ohms  per 
inch  cube. 


2650 
30 


4.86 
1.37 
9.18 
1.29 
21.4 


1050 
11.8 

1.93 
..>44 

3.64 
.512 

S.54 


TEMPERATURE    COEFFICIENT. 

The  resistance  of  a  conductor  varies  with  the  teinperalurt'  of  the 
conductor. 

Let  i^o=resistance  at  0°.    ' 
R  =  resistance  at  t°. 
Then/?  =R,  (1+a  f). 

a  is  called  the  temper<tt>(re  coe-fjicient  of  the  conductor:  100  <(  is  the 
percentage  chanoe  in  resistance  per  degree  change  in  temperature. 

The  following  values  of  the  temperature  coefficient  have  been  found 
for  temperatures  measured  in  degrees  Centigrade  and  in  degrees 
Fahrenheit.  It  is  to  be  noted  that  the  coefficients  vary  considerably 
with  the  ])ni'ity  of  the  coiKhictor. 


Pvire  metals. 


Centi- 
grade a 


Fahren- 
heit a 


Silver,  annealed 0. 

Copper,  annealed 

Gold  (99.9  per  cent) 

Aluminum  (99  per  cent)  

Zinc '. 

Platinum,  annealed 

Iron 

Nickel 

Tin ■ 

Ijcad 

Antimony 

Mercury 

Bismuth 


00400 

0. 00'222 

00428 

.00242 

00377 

.00210 

00423 

.00235 

00406 

.  00226 

00247 

. 00137 

00()25 

.00347 

0062 

.00345 

00440 

.  00245 

00411 

.00228 

00389 

.00216 

00072 

.00044 

00354 

.00197 
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Matthiessen's  forinulu  for 
.0000059  7?^=). 

The  wire  used  by  Matthiessen  was  as  pure  as  could  be  obtained  at 
the  time  (18G0),  but  in  realit}'  contained  considerable  impurities; 
the  above  formula,  therefore,  is  not  generally  applicable.  Later  ex- 
periments have  shown  that  for  all  practical  work  the  above  equation 
for  copper  wire  may  be  written  /?=/?,,  {l-\-.00\2t)  for  t  in  °  C. 

WIRE    GAUGES. 

The  sizes  of  wires  are  ordinarily  expressed  by  an  arbitrary  series  of 
numbers.  Unfortunately  there  are  several  independent  numbering 
methods,  so  that  it  is  always  necessary  to  specify  the  method  or  wire 
gauge  used.  The  following  table  gives  the  numbers  and  diameters  in 
decimal  parts  of  an  inch  for  the  various  wire  gauges  used  in  this 
country  and  England : 


Number 

Roebling 
or  Wash- 

Bro\vn &, 

Birming- 

English le- 

Old Eng- 

of wire 
gauge. 

burn  & 
Moens. 

Sharpe. 

ham  or 

Stubs. 

gal  stand- 
ard. 

lish  or 
London. 

Inch. 

Inch. 

Inch. 

Inch. 

Infh. 

6-0 
5-0 
4-0 

0.460 
.430 
.393 

0.464 
.432 
.400 

"o.-ieoo"' 

6.' 454'" 

""'o.'i.^io"" 

3-0 

.362 

.4096 

.425 

.372 

.  4250 

•2-0 

.331 

.3648 

.380 

.348 

.3800 

0 

.307 

.3249 

.340 

.324 

.3400 

1 

.283 

.2893 

.300 

.300 

.3000 

2 

.263 

.2576 

.284 

.276 

.  2840 

3 

.244 

.  2294 

.  259 

.252 

.  2590 

4 

.225 

.2043 

.238 

.  232 

.2380 

5 

.207 

.1819 

.220 

.212 

.2200 

6 

.192 

.1620 

.203 

.192 

.2030 

7 

.177 

.1443 

.180 

.176 

.1800 

8 

.  1(52 

.  1285 

.165 

.160 

.1650 

9 

.148 

.1144 

.148 

.144 

.1480 

10 

.135 

.1019 

.134 

.128 

.1340 

n 

.120 

.  09074 

.120 

.116 

.  1200 

12 

.105 

.  08081 

.109 

.104 

.1090 

13 

.092 

.07196 

.095 

.092 

.  0950 

14 

.080 

.  06408 

.083 

.080 

.0830 

15 

.072 

.  05706 

.072 

.072 

.0720 

16 

.063 

. 05082 

.065 

.064 

.06.50 

17 

.054 

. 04525 

.058 

.056 

.0580 

18 

.047 

.04030 

.049 

.048 

.0490 

19 

.041 

. 03589 

.042 

.040 

.0400 

20 

.035 

. 03196 

.035 

.036 

.  0350 

21 

.032 

.02846 

.032 

.032 

.0315 

22 

.028 

. 02534 

.028 

.028 

.0295 

23 

.025 

.  02257 

.026 

.024 

. 0270  ■ 

24 

.023 

.  02010 

.022 

.022 

.  0250 

25 

.020 

.  01790 

.020 

.020 

.0230 

26 

.018 

.  01594 

.018 

.018 

.0205 

27 

.017 

.01419 

.016 

.  0164 

.01875 

28 

.016 

. 01264 

.014 

.0148 

. 01650 

29 

.015 

.01125 

.013 

.0136 

.01550 

30 

.014 

.  01002 

.012 

.0124 

. 01375 

31 

.0135 

. 00893 

.010 

.0116 

.01225 

32 

.0130 

. 00795 

.009 

.0108 

.01125 

33 

.0110 

.00708 

.008 

.0100 

. 01025 

34 

.0100 

.00630 

.007 

.0092 

.  0095 

35 

.0095 

.00561 

.005 

.0084 

.0090 

36 

.0090 

.00500 

.004 

.0076 

,  0075 

37 
38 
39 
40 

.0085 
.0080 
.0075 
.0070 

. 00445 
.00397 
.00353 
.00314 

.0068 
.0060 
.0052 
.0048 

.  0065 
.  0057 
.  0050 
.0045 
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RoebluKj  (jauge. — Used  almost  univoisaliy  iu  this  countiy  for  iron 
and  steel  wire. 

Broirn  d-  SlKirpe  (Jh^kjc- — The  American  standard  for  \vires  for 
electrical  purposes. 

Birmingham  gauge. — Used  largely  in  England  and  also  in  this 
country  for  wires  other  than  those  made  especially  for  electrical  pur- 
poses, excepting  iron  Avire. 


LAW    OF    TIIK   BROWX    i>t    SIIAHPK    (lAT'CiK. 


The  diameters  of  wires  on  the  !>.  &  S.  gauge  are  obtained  from  the 
geometric  series  in  which  No.  000()=0.4r)00  inch  and  No.  :M)=.005 
inch,  the  nearest  fourth  significant  figure  being  retained  in  the  areas 
and  diameters  so  deduced. 

Let     n  =  gauge  number  (0000  =  -  3;  000  =  -2;  00  =  -  1). 
d  =  diameter  of  wire  in  inches. 
0.3249 


Then  d 


1.123"" 


Sheathing  eore. — The  number    (.V)    of  sheathing  wires  having  a 
diameter  {d)  which  will  cover  a  core  having  a  diameter  (Z>)  is 


W=   7t 


D-^d 
d 


Tensile  strcin/tli  of  copper  trire. 
COMMERCTAT.    STANDARDS. 


Breaking  weight. 

Breaking  weight. 

Numbers, 
B.  &S. 

Numbers, 
B.  &S. 

gauge. 

Hard- 
drawn. 

Annealed. 

guage. 

Hard- 
drawii. 

Annealed. 

Pounds. 

Pounds. 

Pounds. 

Potmds. 

0000 

8,310 

5,650 

9 

617 

349 

000 

6, 580 

4,480 

10 

489 

277 

00 

5, 226 

3,553 

11 

388 

219 

0 

4, 558 

2,818 

12 

307 

174 

1 

3,7J6 

2, 23  J 

13 

244 

138 

2 

3, 127 

1,772 

14 

193 

109 

3 

2,480 

1,405 

15 

153 

87 

4 

1,967 

1,114 

16 

133 

69 

5 

1,559 

883 

17 

97 

55 

6 

1,237 

700 

18 

77 

43 

7 

980 

555 

19 

61 

34 

8 

778 

440 

20 

48 

27 
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The  strength  of  soft  copper  wire  varies  from  32,000  to  30,000 
pounds  per  square  inch,  and  of  hard  copper  wire  from  45,000  to 
68,000  pounds  per  square  inch,  according  to  the  degree  of  hardness. 

The  above  table  is  calcuhited  for  34.000  pounds  for  soft  wire  and 
60,000  pounds  for  hard  wire,  except  for  some  of  the  hirger  sizes, 
where  the  breaking  w^eight  per  square  inch  is  taken  at  50,000  pounds 
for  0000,  000,  and  00,  55.000  for  0,  and  57.000  pounds  for  1. 

Hnnl-drainh  coiipcr  tchitli'.iic  otd  tclcf/mpji  irirc. 
COMMERCIAI.  VALUES. 


Size 
B.  &  S. 
guage. 

Resistance 

Breaking 

Weight 

Furnished 

Approximate  size 

per  mile. 

strength. 

per  mile. 

in  coils  as 
follows. 

E.  B.  B.  iron  wire 
equal  to  copper. 

Ohms 

Poundif. 

Pounds. 

Miles. 

9 

4.30 

625 

209 

1 

o 

10 

5.40 

525 

166 

1.2 

3 

11 

6.90 

420 

131 

.52 

4 

12 

8.70 

330 

]04 

.65 

6 

Iron-wire 

13 

10.90 

270 

83 

1.20 

6i 

gnage. 

14 

13.70 

213 

66 

1.60 

,H 

15 

17.40 

170 

52 

2. 00 

9 

16 

22. 10 

130 

41  - 

1.20 

10 

In  handling  this  Avire  the  greatest  care  should  be  observed  to  avoid 
kinks,  bends,  scratches,  or  cuts.  Joints  should  be  made  only  with 
copper  splicing  sleeves  and  connectors. 

On  account  of  its  conductivity  being  about  five  times  that  of  Ex. 
B.  B.  iron  wire,  and  its  breaking  strength  over  three  times  its  weight 
per  mile,  copper  may  be  used  of  which  the  section  is  smaller  and  the 
weight  less  than  an  equivalent  iron  wire,  allowing  a  greater  number 
of  wires  to  be  strung  on  the  poles. 

Besides  this  advantage,  the  reduction  of  section  materially  decreases 
the  electrostatic  capacity,  while  its  nonmagnetic  character  lessens  the 
self-induction  of  the  line,  both  of  which  features  tend  to  increase  the 
possible  speed  of  signaling  in  telegraphing,  and  to  give  greater  clear- 
ness of  enunciation  over  telephone  lines,  especially  those  of  great 
length. 

60240«— 11 20 
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COMMEUCIAL    STANDARDS. 
Standard  co pixr  ,strandii. 


Wires. 

C.  M. 

Outside 

Weight  per 

diameter. 

1,000  feet. 

Number. 

Size. 

Poiindn. 

Inch. 

Inches. 

2, 000, 000 

127 

0. 1255 

1.632 

6,100 

1,9.50,000 

127 

.1239 

1.6U 

5, 948 

1 , 900, 000 

127 

.  1223 

1.590 

5, 795 

1,850,000 

127 

.1207 

1.569 

5. 643 

1,800,000 

127 

.1191 

1.  .548 

5, 490 

1,750,000 

127 

.1174 

1.  .526 

5,338 

1,700,000 

91 

.1367 

1..-04 

.5.185 

1,650,000 

91 

.  1347 

1.482 

5,033 

1,600,000 

91 

.1326 

1.4.59 

4,880 

1,550,(K10 

91 

.1305 

1.436 

4,728 

1,500,000 

91 

.1284 

1.412 

4,  ,575 

1,150.000 

91 

.1262 

1.388 

4,423 

1,400,000 

91 

.  1240 

1.364 

4,270 

1,350.000 

91 

.  1218 

1.340 

4.118 

1 , 300, 00 ) 

91 

.1195 

1.315 

3,965 

1 , 250, 000 

91 

.1172 

1.289 

3,  .81 3 

1,200,000 

til 

.1403 

1.263 

3. 660 

1,150.000 

61 

.1373 

1.236 

3.50S 

1,100,000 

61 

.1343 

1.209 

3, 3.55 

1 , 050, 000 

61 

.1312 

1. 181 

3,203 

1 , 000. 000 

61 

.  1280 

1.152 

3, 0.50 

950, 000 

61 

.1247 

1.122 

2,898 

900, 000 

61 

.1214 

1.093 

2, 745 

850, 000 

61 

.1180 

1.062 

2,  .593 

800, 000 

61 

.1145 

1.031 

2,440 

750, 000 

61 

.1108 

.997 

2,288 

700, 000 

61 

.1071 

.  964 

2, 135 

050, 000 

61 

.  1032 

.  921) 

1,983 

600, 000 

61 

.0991 

.892 

1,830 

5.50, 000 

61 

.0949 

.851 

1,678 

500. 000 

61 

.  0905 

.815 

1..525 

160. 000 

37 

.1103 

.  772 

1.373 

400, 000 

37 

.1039 

.727 

1,220 

350, 000 

37 

.0972 

.680 

1 ,  068 

300, 000 

37 

.0900 

.630 

915 

250,000 

37 

.0821 

.575 

763 

Si(tiid<ird  ci'inxr  strands — Con  liuucil. 


Wires. 

Size, 
B.  it  S. 

Outside 
diameter. 

Weight 

per 

1,000  feet. 

No. 

Size. 

Inch. 

Inch. 

PoU7u!s. 

0000 

19 

0. 1055 

0.  .528 

645 

000 

19 

.0941 

.471 

513 

00 

19 

.0837 

.419 

406 

0 

19 

.0746 

.373 

322 

1 

19 

.0663 

.332 

2.55 

2 

7 

.  0975 

.  293 

203 

3 

7 

.  0866 

.260 

160 

4 

7 

.  0771 

.231 

127 

5 

7 

.0688 

.  206 

101 

6 

7 

.  0612 

.184 

80 

8 

7 

.  0484 

.145 

.50 

10 

7 

.  03Sti 

.116 

32 

12 

7 

.  0306 

.  092 

20 

14 

/ 

.  0242 

.073 

12 

16 

( 

.0193 

.058 

8 

18 

/ 

.0151 

.045 

5 
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Carrying  capacity  of  insulated  copper  icircs  for  interior  iciring. 
NATIONAL  ELECTRICAL  CODE. 


B.  &S. 
Co. 

Rubber- 

Weather- 

Rubber- 

Weather- 

Circular. 

covered 

proof 

Circular. 

covered 

proof 

wires. 

wires. 

wires. 

wires. 

Mils. 

Amperes. 

Amperes. 

Mils. 

A  mperes. 

Arnperes. 

18 

1,624 

3 

5 

200, 000 

200 

300 

16 

2,583 

6 

8 

300, 000 

270 

400 

14 

4,107 

12 

16 

400, 000 

330 

500 

12 

6, 530 

17 

23 

500, 000 

390 

590 

10 

10, 380 

24 

32 

600, 000 

450 

680 

8 

16, 510 

33 

46 

700, 000 

500 

760 

6 

26,250 

46 

65 

800, 000 

550 

840 

5 

33, 100 

64 

77 

900, 000 

600 

920 

4 

41,740 

65 

92 

1,000,000 

650 

1,000 

3 

52, 630 

76 

110 

1, 100,  000 

690 

1,080 

2 

66, 370 

90 

131 

1,200,000 

730 

1, 150 

1 

83,690 

107 

156 

1,300,000 

770 

1,220 

0 

105, 500 

127 

185 

1,400,000 

810 

1,290 

00 

133,100 

150 

220 

1,500,000 

850 

1,360 

000 

167,800 

177 

262 

1,600,000 

890 

1.430 

0000 

211,600 

210 

312 

1 ,  700, 000 
1,800,000 

930 
970 

1,490 
1,650 

1, 900, 000 

1,010 

1,610 

2, 000, 000 

1, 050 

1,670 

1 

Carrying  cdpacity  of  .stranded  copper  conductors  for  interior  loiring. 
NATIONAL  ELECTRICAL  CODE. 


i 

B.  &  S.     Area  actu- 
gauge.        al  C.  M. 

Number  of 
strands. 

Size  of 
strand,  B. 
&  S.  gauge. 

Amperes. 

19 
18 
17 
16 
15 
14 
12 

1.288 

1,624 

2,048 

2,583 

3,257 

4,107 

6,530 

9,016 

11.368 

14,336 

18, 081 

22,799 

30, 856 

38,912 

49, 077 

60, 088 

75, 776 

99,064 

124, 928 

157, 563 

198,677 

250, 527 

296, 387 

373, 737 

413, 639 

j 

6 

12 

17 

21 

25 

30 

35 

40 

50 

60 

70 

85 

100 

120 

145 

170 

200 

235 

270 

320 

340 

7 
7 
7 
7 
7 

19 
19 
19 
37 
37 
61 
61 
61 
61 
61 
91 
91 
127 

19 
18 
17 
16 
15 
18 
17 
16 
18 
17 
18 
17 
16 
15 
14 
15 
14 
15 

For  alnminnm  wire  tlie  cnrryini>;  capacity  of  any  given  size  is  to  be 
taken  as  81  per  cent  of  the  value  given  in  the  above  table. 
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REFERENCE   TABLES    FOR   TESTER. 

Table  of  dimensions,  iceight,  and  length  of  pure  copper  tcire. 


Size. 
B.  &S. 

Diameter. 

Circular,  mils. 

(d2).    1  mil.= 

.001  in. 

Pound.s 

per  1,000 

feet. 

Pounds  per 
mile. 

Feet  per 
pound. 

Mils. 

0000 

460. 000 

211600. 00 

639. 33 

3375. 7 

1.56 

000 

409. 640 

167805.00 

507. 01 

2677.0 

1.97 

00 

364. 800 

133079. 40 

402. 09 

2123.0 

2.49 

0 

324.  860 

105538. 00 

318.  86 

1683.6 

3.14 

1 

289. 300 

83694. 20 

252. 88 

1335.2 

3.95 

2 

257. 630 

66373. 00 

200.  54 

1058. 8 

4.99 

3 

229  420 

52634. 00 

1.59. 03 

839.  68 

6.29 

4 

204. 310 

41742. 00 

126. 12 

665. 91 

7.93 

5 

181.940 

33102.  00 

100.01 

528. 05 

10.00 

6 

162. 020 

26250. 50 

79.32 

418. 81 

12.61 

7 

144. 280 

20816. 00 

62.90 

332. 11 

15.  90 

8 

128. 490 

16509.  00 

49.88 

263. 37 

20.05 

9 

114. 430 

13094.00 

39.56 

208.88 

25.28 

10 

101.890 

10381.00 

31.37 

165. 63 

31.38 

11 

90.  742 

8234. 00 

24. 88 

131.  37 

40.20 

12 

80.  808 

6529. 90 

19.73 

104.18 

50.69 

13 

71.961 

5178. 40 

15.  65 

82.  632 

63.91 

14 

64.048 

4106.  70 

12.  44 

65.  674 

80.38 

15 

57. 068 

3256.  7 

9.84 

.51.  956 

101.63 

16 

50. 820 

2582.  9 

7.81 

41.237 

128. 14 

17 

45. 257 

2048. 2 

6.19 

32. 683 

161.  59 

18 

40. 303 

1624.3 

4.91 

25. 925 

203.  76 

19 

35.876 

1287. 1 

3.88 

20. 507 

257.  47 

20 

31.961 

1021. 5 

3.09 

16.  315 

324.00 

21 

28. 462 

810. 10 

2.45 

12. 936 

408.  56 

22 

25.  347 

642. 70 

1.94 

10. 243 

515. 15 

23 

22. 571 

.509.45 

1.54 

8. 1312 

649.  66 

24 

20. 100 

404. 01 

1.22 

6.4416 

819.  21 

25 

17. 900 

320. 40 

.97 

.5.1216 

1032.  96 

26 

15. 940 

254.01 

.77 

4. 0656 

1302. 61 

27 

14. 195 

201.50 

.61 

3. 2208 

1642.  55 

28 

12.641 

159. 79 

.48 

2.  .5344 

2071.22 

29 

11.257 

126. 72 

.38 

2.0004 

2611.82 

30 

10. 025 

100.  5 

.30 

1..5840 

3293. 97 

31 

8.  928 

79.71 

.24 

1.2672 

41.52.  22 

32 

7. 950 

63.20 

.19 

1.0032 

5236.  66 

33 

7.080 

50.13 

.15 

.  7920 

6602. 71 

34 

6. 304 

39.74 

.12 

.633(. 

8328.  30 

35 

.5. 614 

31.52 

.10 

.5280 

10501.35 

36 

5.000 

25. 00 

.08 

.4224 

13238.  83 

37 

4. 453 

19.83 

.06 

.3168 

16691.06 

38 

3.965 

15.72 

.05 

.2640 

20854. 65 

39 

3.  531 

12. 47 

.04 

.2112 

26302. 23 

40 

3.144 

9.89 

.03 

.1584 

33175. 94 

RI'BBKR    ((mi'OI  NDS. 

In  reducing  the  insulation  resistance  of  Okonite,  Habirshaw,  or 
Bishop  coinpounds  to  00°  F..  the  total  difference  between  the  temper- 
ature of  observation  and  the  standard  temperature,  60°,  will  be  deter- 
mined and  the  proper  coefficient  will  be  found  by  referring  to  the 
table.  For  example,  if  the  temperature  were  75°,  the  diiference  of 
temperature.  15°.  would  call  for  a  coefficient  of  1.470.  by  which  the  in- 
sulation resistance,  as  calculated,  will  be  multiplied  to  determine  the 
correct  value  at  60°  F. 
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Tempinittirv  coefficients  for  the  reduction  of  insulation  resistance  to  60°  F. 
OKONITE,   HABIRSHAW,  AND   BISHOP  COMPOUNDS. 


Differ- 

1 

Differ- 

Differ. 

ence  of 
tempera- 

CoefiQcient. 

ence  of 
tempera- 

Coefficient. 

ence  of 
tempera- 

Coefficient. 

ture. 

ture. 

ture. 

"F. 

°F. 

°F. 

1 

1. 026 

18 

1.587 

35 

2.  456 

2 

1.053 

19 

1. 629 

36 

2. 520 

3 

1.080    j 

20 

1.671 

37 

2.586 

4 

1.108 

21 

1.715 

38 

2.653 

5 

1.137     ! 

22 

1.759 

39 

2. 722 

6 

1.167     j 

23 

1.805 

40 

2.796 

7 

1.197     1 

24 

1.  852 

41 

2.865 

8 

1.  228 

25 

1.900 

42 

2.  940 

9 

1.260 

26 

1.949 

43 

3.016 

10 

1.293 

27 

2.000 

44 

3.091 

11 

1. 326     i 

28 

2.052 

45 

3.175 

12 

1.361     \ 

29 

2. 105 

46 

3.258 

13 

1.396 

30 

2.160 

47 

3.342 

14 

1.433 

31 

2.216 

48 

3.429 

15 

1.470 

32 

2. 274 

49 

3. 518 

16 

1.608    i 

33 

2. 333 

50 

3.610 

17 

1. 547 

34 

2.394 

Temper- 
ature. 

K. 

Log.  K. 

Temper- 
ature. 

K. 

Log.  K. 

°F. 

"F. 

60 

0.773 

9.S88401 

66 

1.167 

0. 067071 

61 

.793 

9. 899629 

67 

1.197 

.  078094 

52 

.814 

9. 910802 

68 

1.228 

.089198 

63 

.  835 

9. 921906 

69 

1.260 

.  100371 

64 

.8.56 

9. 932929 

70 

1.293 

. 111599 

55 

..879 

9. 944240 

71 

1.326 

. 122544 

66 

.902 

9.  956460 

72 

1.361 

.  1338.58 

57 

.925 

9. 966576 

73 

1.396 

.  144885 

58 

.949 

9. 977572 

74 

1.433 

.  156246 

59 

.974 

9. 988863 

76 

1.470 

. 167317 

60 

1.000 

.  000000 

76 

1.608 

.  178401 

61 

1. 026 

.011147 

77 

1.547 

.  189490 

62 

1.053 

.  022428 

78 

1.687 

. 200577 

63 

1.080 

. 033424 

79 

1. 629 

.211921 

64 

1.108 

.044540 

80 

1.671 

. 222976 

65 

1.137 

.  055760 

310 
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To  correct  insulation  resistance  for  temperature  where  the  cables 
are  made  up  of  Safety.  Kerite,  or  Standard  underground  rubber  com- 
pounds, reference  should  be  had  to  one  of  the  following  tables  for  the 
temperature  coefficient  at  the  observed  temperature.  The  correct 
resistance  is  obtained  by  multii^lying  the  calculated  resistance  by  the 
coefficient  found  in  the  table  for  that  compound  opposite  the  observed 
temperature. 

SAFETY   COMPOUND. 


Temper- 
ature. 

Coefficient. 

Temper- 
ature. 

Coefficient. 

Temper- 
ature. 

Coefficeut. 

"F. 

°F. 

°F. 

20 

0. 4399 

47 

0. 7386 

74 

1.4407 

21 

.4472 

48 

.  7551 

75 

1.4811 

22 

.4547 

49 

.7721 

76 

1. 5228 

23 

.4625 

50 

.7897 

77 

1.5647 

24 

.4705 

61 

.8078 

78 

1.6110 

25 

.4787 

52 

.8265 

79 

1.6728 

26 

.4869 

53 

.8458 

80 

1. 7056 

27 

.4959 

64 

.8658 

81 

1.7556 

28 

.5049 

1            55 

.8864 

82 

1.8073 

29 

.5141 

56 

.9076 

83 

1.8610 

30 

.5237 

57 

.9296 

84 

1.9167 

31 

.5335 

58 

.  9.523 

85 

1. 9744 

32 

.5437 

59 

.9758 

86 

2.0343 

33' 

.5542 

60 

1.0000 

87 

2. 0964 

34 

.  5648 

61 

1.0251 

88 

2. 1609 

35 

.5759 

62 

1.0510 

89 

2.2278 

36 

.5873 

63 

1.0777 

90 

2. 2973 

37 

.5990 

64 

1.1054 

91 

3. 3694 

38 

.6112 

65 

1.1340 

92 

2. 4443 

39 

.6236 

1            66 

1. 1636 

93 

2. 5223 

40 

.  6351 

67 

1.1943 

94 

2.6028 

41 

.6498 

68 

1. 2260 

95 

2. 6868 

42 

.6635 

69 

1.2587 

96 

2. 7740 

43 

.6776 

70 

1. 2927 

97 

2. 8646 

44 

.6921 

71 

1.3278 

98 

2. 9587 

45 

.7071 

72 

1. 3641 

99 

3.0566 

46 

.7226 

!            73 

1 

1.4017 

100 

3.1584 

KEKITE   COMPOUND. 


Temper- 
ature. 

Coefficient. 

Temper- 
ature. 

Coefficient. 

Temper- 
ature. 

Coefficient. 

°F. 

"F. 

"F. 

20 

0.2706 

47 

0.51S7 

74 

2. 6023 

21 

.2725 

48 

.5413 

75 

2.8410 

22 

.2747 

49 

.5655 

76 

3. 0469 

23 

.2774 

60 

.5917 

77 

3.  ;^035 

24 

.2804 

51 

.6199 

78 

3.  586.') 

25 

.2839 

52 

.6503 

79 

3.8988 

26 

.2877 

53 

.6831 

80 

4. 2438 

27 

,2921 

54 

.7184 

81 

4. 6256 

28 

.2968 

55 

.7566 

82 

5. 0483 

29 

.3020 

56 

.7979 

83 

5. 5169 

30 

.3078 

57 

.  8126 

84 

6. 0371 

31 

.3141 

58 

.8909 

85 

6.6119 

32 

.3209 

59 

.9433 

86 

7.2.577 

33 

.3283 

60 

1.0000 

87 

7. 9734 

34 

.3363 

61 

1.0616 

.S8 

8.7713 

35 

.3449 

62 

1.1281 

89 

9.6617 

36 

.3543 

63 

1.2010 

90 

10.6.566 

37 

.  3644 

64 

1.2800 

91 

11.7695 

38 

.  3752 

65 

1. 3660 

92 

13.  0158 

39 

.3869 

1            66 

1.4.597 

93 

14.4130 

40 

.3995 

1            67 

1.  .5618 

94 

15.9S14 

41 

.4131 

1            68 

1. 6772 

95 

17.  7438 

42 

.4276 

69 

1.7952 

96 

19.  7265 

43 

.4433 

70 

1.9285 

97 

21.9598 

44 

.4601 

71 

2. 0744 

98 

24.  4782 

45 

.4782 

72 

2.2343 

99 

27.3215 

46 

.4977 

73 

2. 4097 

100 

30.  5353 
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Temper- 
ature. 

Coefficient. 

Temper- 
ature. 

Coefficient. 

Temper- 
ature. 

Coefficient. 

°F. 

T. 

"F. 

•20 

0.  5536 

47 

0. 8051 

74 

1.2970 

■21 

.5603 

48 

.8179 

75 

1.3'2'27 

•22 

.  5672 

49 

.  8311 

76 

1.3491 

23 

.  5742 

50 

.8446 

77 

1.3762 

■24 

.5814 

51 

.8584 

78 

1.4041 

25 

.  5888 

52 

.8726 

79 

1.43^28 

26 

.  5964 

53 

.  8872 

80 

1.4622 

•27 

.6041 

64 

.9021 

81 

1.4924 

28 

.  61'20 

55 

.  9174 

82 

1..5'235 

29 

.  6201 

56 

.9331 

83 

1.56.54 

30 

.6-284 

57 

.9492 

84 

1. 5883 

31 

.6369 

58 

.9657 

85 

1.6220 

32 

.6456 

59 

.9826 

86 

1.6568 

33 

.6546 

'            60 

1.0000 

87 

1.6924 

34 

.  6626 

61 

1.0178 

88 

1. 7'291 

35 

.6731 

62 

1.0361 

89 

1.7669 

36 

.  6S27 

63 

1. 0549 

90 

1.  8057 

37 

.  6925 

64 

1.0741 

91 

1. 8457 

38 

.7026 

65 

1.0939 

92 

1. 8867 

39 

.  7129 

66 

1.1141 

93 

1.9290 

40 

.  7234 

67 

1. 1349 

94 

1. 97^25 

41 

.7343 

68 

1.1.563 

95 

2. 0173 

42 

.  7454 

69 

1. 1782 

96 

2.0633 

43 

.7567 

70 

1.2007 

97 

2. 1107 

44 

.7684 

71 

1.  •2-239 

98 

2.1595 

45 

.7803 

72 

1.  '2476 

99 

2. 2098 

46 

.  7925 

'3 

1.27^20 

i          100 

2.  '2615 

Tabic  of  resistances  of  pure  copper  wire  at  75°  F. 


Size,  B.  & 

S. 

Ohms  per 
1,000  feet. 

Ohms  per 
m.ile. 

Ohms  per  pound. 

Feet  per  ohm. 

0000 

0. 04906 

0. 2.5903 

0. 000076736 

20, 383. 0 

000 

. 06186 

.  3'2664 

.  00012039 

16, 165. 0 

00 

.07801 

.41187 

. 00019423 

12, 8'20. 0 

0 

. 09838 

.  .51937 

. 00038500 

10,166.0 

1 

.  1'2404 

. 65490 

.  00048994 

8, 062.  3 

2 

.  15640 

.82.582 

.  00078045 

6, 393. 7 

3 

.  19723 

1.0414 

.  0012406 

5, 070. 2 

4 

.24869 

1.3131 

.0019721 

4, 021. 0 

5 

.  31361 

1.6.5.58 

.0031361 

3, 188.  7 

6 

.  39546 

2. 0881 

.  0049868 

2, 5^28. 7 

7 

.49871 

2. 6331 

.0079294 

2, 005. 2 

8 

. 62881 

3. 3201 

. 012608 

1,590.3 

9 

.79281 

4. 1860 

.  020042 

1,261.3 

10 

1.0000 

5. 2K00 

.  031380 

1,000.0 

11 

1.^2607 

6. 6568 

.  050682 

793. 18 

12 

1.5898 

8.  3940 

. 0805S5 

6-29.02 

13 

2. 0047 

10.  .585 

.  1'2841 

498. 83 

14 

2.5278 

13. 347 

.•20322 

395. 60 

15 

3. 1150 

16.477 

.316.58 

321. 02 

16 

4.0191 

21.  ^221 

..51.501 

248. 81 

17 

5. 0683 

26.  761 

.  81900 

197. 30 

18 

6. 3911 

33. 745 

1.30'23 

156.47 

19 

8. 0654 

42.585 

2. 0759 

123. 99 

20 

10. 163 

53. 658 

3. 2926 

98.401 

21 

12. 815 

67. 660 

,5.23.55 

78.067 

22 

16. 1.52 

85. 283 

8. 3208 

61.911 

23 

•20. 377 

107.59 

13.238 

49.087 

24 

25. 695 

135. 67 

21.0.50 

38. 918 

25 

32.400 

171.07 

33.466 

30.864 

26 

40. 868 

215.  79 

35. 235 

24.469 

27 

.51.  519 

•272.02 

84. 644 

19. 410 

28 

64. 966 

343. 02 

134.  .56 

15. 393 

29 

81.921 

432.  .54 

213. 96 

12. 207 

30 

103. 30 

545.  39 

340.25 

9. 6812 

31 

r27. 27 

671.99 

528. 45 

7. 8573 

32 

164.^26 

867.  27 

860. 33 

6.0880 

33 

207. 08 

1,093.4 

1,367.3 

4. 8290 

34 

261.  ^23 

1,379.3 

2,17.5.5 

3. 8281 

35 

329. 35 

1,738.9 

3, 458. 5 

3.0363 

36 

415.24 

2,192.5 

.5,497.4 

2. 4082 

37 

5^23. 76 

2, 765. 5 

8, 742. 1 

1.9093 

38 

660.37 

3,486.7 

13, 772 

1.5143 

39 

832. 48 

4, 395. 5 

21,896 

1.2012 

40 

1,049.7 

5, 54^2.1 

34,823 

.9527 
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The  resistance  of  copper  increases  with  the  increase  of  temperature. 
In  order  to  reduce  copper  resistances  at  any  temperature  between  0° 
and  120°  F.  to  60°  F..  the  following  table  has  been  calculated,  in  which 
h  is  the  factor  by  which  the  resistance  at  the  observed  temperature 
should  be  nudti2:)lied  to  reduce  it  to  00°  F, : 

Reduction  of  copper  resistance  to  60°  F. 


Temper- 

J 

Temper- 

S 

Temper- 

S 

ature. 

'ature. 

ature. 

°F. 

°F. 

T. 

0 

1.1538 

41 

1.0443 

82 

0. 9529 

1 

1.1509 

42 

1.0419 

83 

.  9508 

2 

1.1480 

43 

1.0395 

84 

.9488 

3 

1.1451 

44 

1.0371 

85 

.9468 

4 

1. 1422 

45 

1.0347 

86 

.9448 

5 

1. 1393 

46 

1.0323 

87 

.9428 

C 

1.1364 

47 

1.0300 

88 

.9403 

7 

1. 1336 

48 

1. 0276 

89 

.  9388 

8 

1. 1308 

49 

1.0252 

90 

.9368 

9 

1.1280 

50 

1.0229 

91 

.9348 

10 

1.1252 

61 

1.0206 

92 

.9328 

11 

1.1224 

52 

1.0182 

93 

.9308 

12 

1.1196 

53 

1.0159 

94 

.9288 

13 

1.1168 

54 

1.0136 

95 

.9269 

14 

1.1141 

55 

1.0113 

96 

.  9260 

15 

1.1113 

56 

1.0090 

97 

.9231 

16 

1.1086 

57 

1.0068 

98 

.9211 

17 

1. 1059 

58 

1.0045 

99 

,9192 

IS 

1.1032 

59 

1.0023 

100 

.9173 

19 

1.1005 

60 

1. 0000 

101 

.9154 

20 

1.0978 

61 

.9978 

102 

.  9135 

21 

1.0952 

62 

.9956 

103 

.9116 

22 

1. 0925 

63 

.9983 

104 

.9097 

23 

1.0899 

64 

.9911 

105 

.9079 

24 

1.0873 

65 

.  9889 

106 

.9060 

25 

1. 0846 

66 

.  9867 

107 

.9041 

26 

1.0820 

67 

.  9846 

108 

.  9022 

27 

1.0794 

68 

.  9824 

109 

.9004 

28 

1.0769 

69 

.  9802 

110 

.8986 

29 

1.0743 

70 

.9781 

111 

.8968 

30 

1.0717 

71 

.  9759 

112 

.8949 

31 

1.0692 

72 

.9738 

113 

.8931 

32 

1.0667 

73 

.9717 

114 

.8913 

33 

1.0641 

74 

.  9695 

115 

.  8895 

34 

1.0616 

75 

.9674 

116 

.  8877 

35 

1.0591 

76 

.  9653 

117 

.  88.59 

36 

1.0566 

77 

.9632 

lis 

.8841 

37 

1.0542 

78 

.9611 

119 

.8824 

38 

1. 0517 

79 

.9591 

120 

.8806 

39 

1.0492 

80 

.  9570 

40 

1. 0468 

81 

.9549 

A  general  formula  far  reducing  copper  resistance  at  any  observed 
temiDerature  (7")  to  G0°  F.  is  given  by  the  following: 

1.063 


S  = 


1  +  .00225  ( T-  32) 
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TABLES  OF  TEMPERATURE  COEFFICIENTS    L 

FOR  REDUCING  CONDUCTOR  AND  INSULATION  RESISTANCE 
TO  STANDARD  TEMPERATURE 

""•'          J    RTT 

°'""'      tr  w 

""""■^     )r  n 

-     ^^. 

C^ynZ^. 

TEMP 

COPPER 

EXPERXORE 

KERITt: 

SAFETY 

TELEPHONE 

Rt>rbiD 

"  (5 

/  /  538 

1  1  J09 

n     /   02  6 

2 

1   1  ABO 
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3 
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4 
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^ 
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"Acid  batteries  " 20 

Accumulators 16,  27 

Accuracy  of  telegraphy  in  comparison  to  telephony 289 

Adjusting  for  maximum  strength  in  telegraphy 96 

Adjustment  of  telegraph  apparatus 94 

Adjustment  of  telegraph  sounders 96 

Aerial  cable  construction 208 

Allowance  of  dry  cells  required  by  instruments 25 

Ammeter 249 

Ampere  meter 249 

Anchors 194 

Anchor  logs 184, 196 

Anchor  rod 196, 198 

Apparatus,  telegraph,  adjustment  of 94 

Arms,  buck 187 

cross 184, 188 

Arrangements,  battery,  of  terminal  office  switchboard 67 

Arrester  cabinet , 156 

lightning 66, 180 

Attaching  cable  to  messenger 221 

B. 

Balancing  the  polar  duplex 92 

Batteries,  "acid  " 20 

classes  of 16 

closed  circuit 16 

Edison  primary 18, 19,  20 

Fuller 20,  21,  22 

measuring  internal  resistance  of 253 

open  circuit 16,  22 

primary 16 

secondary 16 

service  testing 262 

storage.     (See  Storage  batteries.) 

telautograph 53 

telegraph 50 

telephone  storage 52 

testing  voltage  of 251 

voltammeter  for  testing  of 272 

Battery  arrangements  of  terminal  office  switchboard 67 

cells,  storage,  putting  out  of  commission 49 

room,  light  for 46 

protective  coatings 47 

ventilation,  temperature,  and  cleanliness  of 46 

troubles 43 

315 
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rage. 

Bell,  night 151 

polarized 121 

Birmingham  gauge,  wire 303 

Bishop  compound 309 

Blocks,  method  of  arranging 216 

Box,  cable 192,  205 

relay 63 

resistance,  100,000  ohm 260 

Braces,  pole 197,  200 

Bracket  lines 191 

Brackets,  location  and  method  of  attaching 192 

Break  in  conductor,  location  of 248 

Breast  reels 290 

' '  Bridge  "  method  of  duplex  telegraphy 75,76 

Bridge,  "^Tieatstone 254 

Bridging  type  telephone.  Signal  Corps,  circuits  of 123 

Bridle  wire 295 

Browne  &  Sharpe  wire  gauge 303, 304 

Buck  arms 187 

"Butting"'  cable 168 

Buzzer,  cavalry 24,  107,287 

classification  of  circuits 107 

connectors 287 

models  A  and  B 293 

field 104,  287 

primary  circuit 105, 110 

secondary  circuit. 106, 110 

theory  of 101 

wire 286,  295 

C. 

Cable 204 

aerial,  construction  of 208 

box 192,  205,  221 

"butting  " 168 

capacity  test  of 269 

core 295 

distribution 209 

faults 246,  273 

field 286 

forming 168 

methods  of  test  iiig 242 

paper  core 209 

pulling 237 

racking,  in  manholes 240 

splices 220,  22 1 .  222,  228 

switchboard,  color  sequence,  table  of 1 70 

standard  sizes  of  Signal  Corps 1 70 

telephone.     (Sec  Telephone  cable.) 

tester 265,  270 

testing,  continuity  and  identification 265 

correction  for  leads  and  temperature 267 

determination  of  galvanometer  constant 267 

duties  of  tester 265 

insulation  test 267 
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Cable  trenching 229 

underground 229 

Cabinet,  an-ester 156 

terminal 149 

Can  top 209.  211,  212 

Capacity  of  dielectric  condensers 14 

test  of  cables 269 

Carrying  capacity  of  insiilated  copper  wires  for  interior  wiring 307 

stranded  copper  wii'es  for  interior  wiring. 307 

Cart,  wu-e 284 

Case,  electrical  instrument 258,  263 

Cavalry  buzzers.     (See  Buzzers,  cavalry,  i 

Cells,  chloride 39,  45 

closed  circuit,  internal  resistance  of >  16 

table  of 16 

types  of 16 

voltage  of 16 

dry.     (See  Dry  cells.) 

Edison  Lalande 18 

end 48 

Gould 39,  45 

gravity.     (Sec  Gravity  cells.) 

grouping  of 25 

initial  charges  for  different  makes  of 36 

low 43 

open  ciiTuit 16 

"pilot,  "  storage  battery 37,  38,  39,  41 

plates  for 10 

type  V 18 

voltaic 10 

Willard 39, 45 

Central  energy  storage  battery 177 

switchboard  protectors 174 

visual  siipervisory  switchboard 148, 151 

Charge,  electrostatic,  polarity  of 13, 14 

initial,  for  different  types  of  cell 36 

Charging  panel 178 

rate  of  storage  batteries 31,  35,  38 

Chemical  action  of  storage  batteries ' 27 

Chloride  storage  battery 29,  36 

test  of,  in  storage  batteries 56 

Circuit  system,  "open"  and  "closed  " 60 

Circuits,  cavalry  buzzer,  classification  of 107 

common  battery  cord 153 

desk  telephone,  North  type 136 

set,  Sumter  type 134 

telephone 116 

wall.  North, 135 

cordless  switchboard,  model  1901 165 

cut-in  telephone 138 

field  artillery  telephone,  model  1910 126 

telephone,  model  1910 124 

local  battery  desk  set,  Sumter  type 131 

wall  telephone,  Dean, 130.  131 

Sumter 127 
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Circuits,  magnetic 9 

magneto  switchboard ; 156, 159 

ohmmeter,  model  1904 271 

telephone,  secondary Ill 

signal  corps  bridging  type 123 

transmitter Ill 

types  of 122 

wall  cabinet  switchboard 161 

Cleanliness  of  battery  room 46 

Clearing  and  trimming  for  lines 203 

Closed-circuit  batteries 16 

cells 16 

system,  Morse 60 

Coast  artillery  posts,  semiannual  inspection  of 137 

telephone  systems  of 146 

Coefficient,  temperature 302,  313 

Coil,  exploring 275 

impedance 14 

induction 14 

primary 13 

secondary 13 

spark.     (See  Spark  coil.) 

Color  sequence  of  switchboard  cable,  table  of 170 

Combined  shunt  and  key 261 

Commercial  exchanges,  trunk  lines  to 154 

standards  of  tensile  strength  of  copper  wire 304 

values  of  hard-drawn  copper  wire 305 

Common  battery  telephones.     (See  Telephones,  common  battery.) 

transmission 114 

Compoimds,  rubber 308 

Bishop 309 

Habirshaw 309 

Kerite 310 

Okonite 309 

Safety 310 

Standard  Underground 310 

Concrete  manhole 233 

Condenser,  capacit y  of 14 

definition  of 14 

standard 262 

static  compensating 80 

telephone 14 

Conductor 10 

break-in 248 

liquid,  resistances  of 302 

relative  conductivity  of 302 

resistance  of 302 

specific  resistance  of 302 

stranded  copper,  carrying  capacity  of 307 

Conduit  routes 241 

Conduits 229,  232 

Connections  of  polai-  duplex  "set " 92 

stoi-age  batteries 47 
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Connector,  buzzer,  type  A  and  B 287,  293 

test 202 

Continuity  preserving  transmitter,  duplex  telegraphy 78 

Copper  resistance,  reduction  of,  to  60° 312 

strands,  standard 306 

test  for,  in  storage  batteries 56 

wire,  hard-drawn,  Nos.  12  and  14 294,  305 

resistance  of 311 

table  of  dimensions,  weight  and  length 308 

tensile  strength  of 304 

Cordless  switchboards 161 

circuits  of 165 

Core,  sheathing 304 

Covers  for  storage  cells 47 

Cross  arms 184, 188, 191 

connecting  wire 295 

in  telegraph  line 279 

location  of,  by  v(  )ltmeter 273 

Current  strength 10 

Currents,  induced 13 

manner  of  inducing 13 

ratio  of  primary  to  secondary 14 

Cut-in  telephone.     {See  Telephone,  cut-in.) 

D. 

Dead-ending  iron  and  steel  wire 190,  212 

' '  Dead  man  " 196, 198 

Dean  telephones.     (See  Telephones,  Dean.) 

Determination  of  galvanometer  constant,  cable  testing 267 

Dielectric 14 

specific  inductive  capacity  of 14 

substances 14 

Difference,  potential 12 

measuring 251 

Differential  method  of  duplex  telegraphy 75,  79 

Digging  holes  for  telegraph  poles 186 

Dimensions,  standard  cross  arms,  table  of 184 

telegraph  poles,  table  of 183 

Directions  for  setting  up  the  pothead 227 

and  using  Edison  primary  batteries 19,  20 

Discharging  storage  batteries 40 

Double  cross  arms 191 

'"Double-current ''  method  of  duplex  telegraphy 87 

Dry  cells 22 

allowance  of,  required  by  instruments 25 

' '  Ever  Ready  "  type  of 25 

for  cavalry  buzzers 24 

field  artillery  telephone 25 

internal  resistance  <if 25 

reserve  type 23 

size  of 25 

table  of,  required  by  instruments 25 

size,  weight,  and  resistance  of 25 

Dry  plates,  treatment  of 48 
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Duplex,  polar 83,  90 

balancins; 92 

set,  p^lar,  counerlions  of 92 

teleofraphy 73 

bridsje  and  diiYerential  method  ot' 75 

continuity  preserving  transmitter 78 

"double  current"  method 87 

operation  of  differential 79 

operation  of  pole  changer 85 

' '  Duro ''  portable  stwage  batteries 57 

Testing  of 58 

Duties  of  cable  tester 265 

E. 

Edison  Lalande  cell 18 

Edison  primary  battery 18 

Directions  for  setting  up  and  using 19,  20 

Edison  storage  battery 31 

Electrical  installations  of  the  Signal  ( "orps,  inspection  of 137 

Electrical  instrument  case 258 

method  of  using 263 

lines  of  information,  instruments  for 287 

resistance 12 

Electrolyte 10.  45 

tests  for  jiurity  of 55 

specific  gra\'ity  of 45 

Electromagnet,  definition  of 12 

strength  of 13 

Electromagnetic  induction 13 

Electromagnetism 12 

Electromotive  force 10 

Electropoion  solution 21 

Electrostatic  charge,  polarity  of 13 

induction 13 

E  M  F 12, 15 

End  cells 48 

English  legal  and  Old  English  standard  wire  gauge 303 

Equipment,  field,  miscellaneous 290 

storage  batteries 1 78 

telegraph  office 61 

telephone  switchboard 145.  148, 149 

Erection  of  storage  batteries,  instructions  for 31 

telegraph  lines 185 

"Escapes"  in  telegraph  lines 279 

Evaporation,  replacing  of,  in  storage  batteries 46 

"Ever  Ready "'  ty])e  of  dry  cells 25 

Exchanges,  commercial,  trunks  to 154 

Exploring  coil 275 

r. 

Faults,  cable ." 246,  273 

in  telegraph  lines,  location  of 279 

telephone,  locating 1 40, 142 

Field  artillery  telephone.     (See  Telephone.  fi"ld  artillery.') 

wire,  twin  conductor 295 
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Field  buzzer,  model  190S 104,  287 

cable 286 

equipnieiit,  miscellaneous 290 

induction  telegraph  set 288,  296 

lines  of  information 284 

magnetic ^ 

operations,  wire  used  in 286 

telephone,  model  1910 123, 125,  288 

transportation "84 

wire.     (ASfg  Wire,  field.) 

Fire-control  inspections l-^Q 

Fixtm-es,  cross  arm 188 

Force,  electromotive 10 

lines  of " 

Framing  telegraph  poles 187 

Fuller  batteries 20 

care  of '^l 

two-cell,  table  of 22 

Functions  of  impedance  coil 14 

relay 62 

G. 

Galvanized-iron  wire,  No.  9  and  No.  14 286,  294 

Galvanometer 249,  260 

D'Arsonval 260 

constant,  determination  of '. 267 

Generator,  magneto H^ 

principle  of 1 1^ 

Gould  storage  battery 29 

Gravity  cell 16 

care  of 1 ' 

inspection  of 17 

instrumental  tests  of 17 

setting  up  of 17 

Ground  for  cable  box 2-1 

rods 291 

' '  Grounds  "  in  telegraph  lines 279 

Grouping  of  cells 25 

Gauges,  wire,  table  of <^03 

Guard  wires '99,  203 

Guy  hooks 213 

shims 213 

stubs 184 

Guying,  method  of ■■   195,197.199,201 

Guys 194,217 

H. 

Habirshaw  compound ^09 

' '  Hand-hole  " 234 

Hand  receiver 119 

reels 291 

Handles,  payout 291 

HaYidling  of  hard-drawn  copper  wire 205 

telephone  cable 220 

Hanging  of  telephone  cable - 220 

60240°— 11 21 
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Hard-drawn  copper  wire,  commercial  vahies  of 305 

Heat  coil.'^ 180 

Holes  for  telegraph  poles 186 

Hooks,  guy 213 

House  wire 295 

I. 

Impedance  coil,  functions  of 14 

Impurities  in  storage  cells 4(j 

Induced  currents 13 

EMF 15 

Induction  coil 14 

electromagnetic 13 

electrostatic 13 

magnetic 10 

Inductive  capacity  of  dielectric  condensers 14 

Information,  lines  of 283,  284 

Initial  charges  of  storage  batteries 35, 36 

Inside  twisted  pair  wire 295 

Inspection,  annual  fire-control 139 

electrical  installations  of  the  Signal  Corps 137 

post  telephone  systems 140 

signal  corps  property  at  seacoast  fortifications 139 

semiannual,  of  coast  artillery  posts 137 

storage  batteries 41 

Inspector's  pocket  kit 294 

Installation  of  can  top  terminals 211 

double  cross  arms 1^1 

telephone  switchboards 166 

Instructions  for  erecting  storage  batteries 31 

Instrument  case,  electrical 258,  263 

wire 295 

Instruments,  allowance  of  dry  cells  required  by 25 

for  electrical  lines  of  information 287,  289 

Insulated  copper  wires,  carrying  capacity '^07 

Insulating  mediimi 14 

Insulation  test .- 267 

Insulator 10, 185.  292 

Interior  wiring,  carrying  capacity  of  stranded  and  insulated  copper  wires 307 

Intermediate  switchboard 65 

Internal  resistance  of  batteries,  measuring 253 

dry  cells 25 

Iron,  test  for.  in  storage  batteries 56 

J. 

Jar,  Leyden 14 

Jars  for  storage  batteries,  repairs  to 47 

K. 

Kerite  rubber  compound 310 

Key,  combined  shunt  and 261 

telegraph 61 

legless 62 

' '  open-circuit " 62 

telephone  switchboard 163 
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Lamp,  pilot 151 

supervisory  signal  switchboard 148, 151 

Lance  poles 292 

Lapping  for  splicing  telephone  cable 220 

Lead  covered,  paper  insulated  cables 221 

Law,  Ohm's 10 

Legless  key 62 

Leyden  jar 14 

Light  in  battery  room 46 

Lightning  arresters 66, 180 

Mason 66 

rods 184 

Line  construction 183 

transposition 202 

troubles 144 

Lines,  bracket 191 

of  force 9 

information,  classification  of 283, 284 

open-wire 183 

'  telegraph.     {See  Telegraph  lines.) 

Liquid  conductors,  resistance  of 302 

Location,  break  in  conductor 248 

cross  by  voltmeter 273 

faults  in  cables  with  ohmmeter 273 

faults  in  telephones 140 

faults  in  telegraph  lines 279 

Logs,  anchor 184, 196 

London  wire  gauge 303 

Loop  tests,  Murray  and  Varley 276 

M. 

Magnetic  circuit 9 

field 9 

induction 10 

Magnetism,  principles  of 9 

Magneto-generator,  theory  of 115, 117 

switchboards 154,  b56,  157, 166 

North  Electric,  50-drop 158 

protectors 172 

Main  line  sounders 64 

Maintenance  of  telephone  switchboards 181 

Manholes 232 

concrete 233 

cable  racking  in 240 

Mason  lightning  arresters 66 

Measuring  differences  of  potentials 251 

resistance 252 

Megaphone,  fiber,  18-inch 292 

Mercury,  test  of,  in  storage  batteries 56 

Messenger  strand 213,  214 

supports 214 

Method  of  arranging  blocks 216 

guying 195, 197,  199,  201 

installing  double  cross  arms 191 
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Method  of  makinij  the  pothoad 227 

placiiifi:,  tyins;,  splicing,  and  dead  ending  wires 188, 189, 190 

terminal  ing  messenger  strand 213 

testing  cable 242 

Microtelephone 161 

Milliameter 249 

Milliken  repeater 69 

Miscellaneous  field  equipment 290 

tables  and  information 300 

Morse  telegraph 60 

Murray  loop  test 276 

N. 

Negative  plate 10 

pole 10 

Night  bell 151 

Nitrates,  test  for,  in  storage  batteries 56 

North  Electric  magneto  switchboard,  50-drop 159 

telephones.     (.S^e  Telephones,  etc.,  Ngrth  Electric.) 

Numbering  poles 203 

O. 

Obsolete  types  of  switchboards 160 

Office  pole 192 

Ohm 12 

Ohm's  law 10 

Ohmmeter,  locating  faults  in  cables  with 273 

model  1904 263,  270,  271,  273 

Okonite  compound 309 

Open-circuit  batteries 16,  22 

cells 16 

system,  Morse 60 

telegraph  key 62 

Operation  of  differential  duplex  telegraphy 79 

pole  changer,  duplex  telegraphy 85 

storage  batteries 35,  37 

telephone  receiver ]  19 

transmitter 120 

Outside  twisted  pair  wire,  Nos.  12  and  14 294 

Overcharge*  of  storage  bat teries 38,  39 

P. 

Panel,  charging,  storage  bat tcry 178 

Paper-core  cables 209 

Payout  handles 291 

Permanent  lin(>s  of  inforniatimi 283 

Pikes,  wire 292 

Pilot  cell 37,  38,  39,  41 

lamp 151 

Pintle  type  wire  wagon 284 

Placing  wires,  method  of 188 

Plates,  dry,  treatment  of 48 

for  cells 10 

size  of,  for  storage  batteries 31 

Pocket  relay 64 
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Polar  duplex.     (See  Duplex,  polar.) 

Polarity  of  electrostatic  charges 14 

Polarized  bell 121 

relay S7,  89 

Pole  braces 197^  200 

changer,  duplex  telegraphy,  operation  of 85 

Western  I^nion 93 

lance ' 292 

negative 10 

office 192 

I)o.«itive 10 

Poles 183 

framing 187 

numbering  of 203 

setting 193 

telegraph ,  delivery  of 187 

digging  holes  for 186 

length  of 183 

number  required 184 

preparation  of 184 

size  of  holes,  tal)le  of : 186 

table  of  dimensions 183 

Pony  relay 63 

Post  telephone  systems,  allowance  of  telephones  for 145, 147 

inspection  of 140 

Potential  difference 12,  251 

Pothead,  method  of  making ; 227 

terminal 192 

wire 295 

Power  equipment  of  telephone  switchlioards 145 

' '  Primary  " 13 

Primary  battery 16 

circuit  of  Ijuzzer 105,  110 

coil ; . .  13 

Principle  of  magnetism 9 

magneto  generator 117 

transformer 14 

Protection  of  telephone  cable 221 

Protective  equipment  of  switchboards 145.  14S.  172,  174, 180 

Pulling  cable 237 

Putting  storage  batteries  out  of  commission 49 

R. 

Racks,  type  of  storage  battery 34 

Ratings  of  storage  batteries,  table  f)f 30 

Receiver,  operation  of  telephone 119 

Record  of  conduit  routes 241 

Records  of  cable  splices 222 

storage  batteries 40,  56 

Reduct  ion  of  copper  resistance  to  60" 312 

Reels,  breast 290 

hand 291 

Reference  table  for  tester 308 

Relative  conductivity  and  resistance  of  conductors 302 
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Relay  box 63 

functions  of 62 

pocket 64 

polarized 87, 89,  93 

pony 63 

Reliability  of  telegraphy  in  comparison  to  telej^liony 289 

Repairs  to  jars  or  tanks  for  storage  batteries 47 

Repeaters,  Milliken 69 

telegraph 69 

Weiny-Phillips 71 

Reports,  storage  batteries 56 

Reserve  type  dry  cell 23 

Resistance 10 

electrical 12 

internal,  of  dry  cells 25,  253 

liquid  conductors 302 

measuring 252,  253 

of  pure  copper  wire 311 

relative,  of  conductors 302 

specific 300,  .302 

unit  of 300 

Ringer,  telephone 121 

River  crossings 203 

Rods,  anchor 196, 198 

ground 291 

lightning 184 

Roebling,  standard  of  wire  gauge 303 

Routes,  conduit,  record  of 241 

Rubber  compounds - 308 

S. 

Safety  rubber  compound 310 

Seacoast  fortifications,  inspection  of  signal  cor])s  ])roperty  at 139 

"Secondary  " 13 

Secondary  battery.     (See  Storage  battery.) 

circuit  buzzer 110 

of  telephone 106,  111 

coil 13 

Sediment  in  storage  batteries 44 

Self-induction 101 

Semiannual  inspection  of  coast  artillery  ])()sts 137 

Semipermanent  lines  of  information 283 

Service  testing  battery 262 

Setting  of  telegraph  poles 193 

Sheathing  core 304 

Shims,  guy 213 

Shunt  and  key,  combined 261 

Signal  Corps,  ins]K'ction  of  electrical  installations  of 137 

property  at  seacoast  fortifications,  inspection  of 139 

Size  of  dry  cells 25 

storage-battery  plates 31 

switchboard  cable 170 

wire  used  in  field  operations 286 

Solenoid,  definition  of 12 
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Sounder g4 

adjustment  of 96 

' '  main-line  " g4 

Spark  coil 80 

Specific  gravity  of  electrolyte 45 

storage  battery,  after  charge 39,  40 

inductive  capacity  of  dielectric  condensers 14 

resistance 300,  302 

Speed  in  telegraphy  as  compared  to  telephony 290 

Splicing  cables 220,  221,  222,  226,  228 

wires 190,  214,  296 

Standard  condenser 262 

copper  strands 306 

sizes  of  signal  corps  switchboard  cable 170 

Underground  Company's  rubber  compound 311 

Static  compensating  condensers 80 

Stearns  duplex 77 

Storage  batteries 16,27 

care  of 41 

central  energy I77 

charged  in  parallel 39 

charging  panel 178 

rate 31,  38 

chemical  action  of 27 

Chloride 29 

cleanliness  of  battery  room ...  46 

connections 47 

covers 47 

discharging 40 

rate 40 

"  Duro  "  portable 57 

Edison 31 

equipment  of 178 

general  instructions 46,  50 

Gould 29 

impurities 46 

initial  charge 35 

inspection  of 41 

instructions  for  erecting 31 

light,  effect  of,  on 46 

limit  of  discharge 40 

methods  of  manufacture 28 

operation  and  maintenance  of 35,  37,  41,  43.  46,  50 

pilot  cell 37 

putting  out  of  commission 49 

readings 40,  50 

records  of 40,  56 

repairs 47 

replacing  evaporation 46 

reports  of 56 

sediment  in 44 

separate  charging 43 

size  of 178 

plates 31 
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Storage  batteries,  summary  of  important  points 50 

table  of  ratings 30 

telautograph 53 

telegraph 50 

telephone 52 

tests  for  cliloride,  iron,  copper,  mercury,  and   nitrates 56 

tests  for  purity  of  electrolyte  in 55 

types  of 31 

racks  for 34 

ventilation  and  temperature  of  battery  room 46 

voltage  at  end  of  charge 39 

voltage  and  specific  gravity  after  charge 39 

Willard 29 

Stranded  copper  conductors,  carrying  capacity  of 307 

Strands,  copper,  standard 306 

Strategical  lines  of  information 284 

Strength,  current 10 

tensile,  of  copi)er  wire 304 

Stringing  wire 206 

Stubs,  guy 184 

wire  gauge 303 

Sumter  type  common  battery  desk  set 133 

wall  telephone 132 

local  battery  desk  set 131 

wall  telephone 127 

Supports,  messenger 214 

Switchboards,  cable,  standard  sizes  of  signal  corps 170 

table  of  color  sequence 170 

central  energy  visual  supervisf)ry 148,  151 

cordless 161, 165 

correcting  troubles  in 181 

intermediate  or  'way  station  ' 65 

lamp  supervisory  signal 148 

magneto \'A.  15(1,  157,  166 

North  Electric.  50-drop 158 

obsolete  types  of 160 

protective  equipmtMit  for 1 49,  1 72,  1 74, 180 

telegra])h 65 

telephone 1 45.  147, 166 

e(]uipmenl  for 145,  148 

installation  of 106, 172 

keys  for 163 

maintenance  of 181 

terminal  otHce 67 

testing  of 181 

wall-cabinet 160 

circuit  of 161 

T. 

Table,  carrying  capacity  of  copper  wires  for  inside  wiring 307 

color  sequence  of  switchboard  cable 170 

dimensions  of  standard  cross  arms 184 

telegraph  poles 183 

weight  and  length  of  pure  copper  wire 308 
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Talilc.  dry  cells  required  by  instruments 25 

miscellaneous 300 

properties  of  telephone  cable 219 

various  sizes  of  telegrajjh  wire 209 

ratings  of  storage  batteries 30 

reduction  of  copper  resistance  to  ()0° 312 

reference,  for  tester 308 

resistance  of  pure  copper  wire  at  75° 311 

size,  internal  resistance  and  weight  of  dry  cells 25 

of  holes  for  telegraph  poles 186 

Standard  Underground  Company's  rubber  "  I)  " 311 

temperature  coefficients 313 

wire  gauges 303 

Tactical  lines  of  information 284 

Telautograph  batteries 53 

Telegraph  apparatus,  adjustment  of 94 

wet-weather  effects  on 94 

batteries 50 

field  induction  set 288 

key 61 

lines,  clearing  and  trimming  for 203 

"crosses,"  "escapes,"  and  "grounds" 279 

erection  of 185 

location  of  faults 279 

wet-weather  effects  on 94 

wire  for 1 85 

Morse  circuit  system,  "open  "  and  "closed  " 60 

oflSce  equipment 61 

poles.     (See  Poles,  telegraph.) 
repeaters.     (See  Repeaters,  telegraph.) 

set,  field  induction 296 

switchboard 65 

wire 209 

Telegraphy,  accuracy  and  reliability  of 289 

adjusting  for  maximum  strength 96 

adjustment  of  sounders 96 

duplex.     (See  Duplex  telegraphy.) 

feeling  for  a  distant  station 95 

instruments  for  use  in  field 289 

speed  in 290 

Telephone  battery  troubles 143 

bridging  type,  circuits  of 123 

cable,  attaching  to  messenger 221 

handling  of,  hanging  and  la))])ing  for  .<|)liiiiig 220 

protection  of 221 

splicing  lead-covered,  pai)er  insulated 221 

table  of  properties  of 219 

circuits 116, 122 

common  bat  1  ery 132 

desk  set,  Sumter  type 133, 134 

North  Electric  type 133, 135 

transmission 114 

wall ,  Sumter  type 132 
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Telephone  cut-in 135, 138 

Dean,  local  battery,  wall 130,  13i 

field,  model  1910 123, 125,  288 

field  artillery 25 

dry  cell  for 25 

model  1910 126 

lines.     {See  Lines,  telephone. ) 

local  battery  desk  set,  Sumter  lyp«-' 131 

transmission 113 

wall,  Sumter  type 127 

receiver,  operati<m  of 119 

ringer 121 

switchboard 145, 147,  148,  ifJO,  172, 181 

equipment 145, 148 

keys 163 

systems  at  coast  artillery  posts 145 

theory  of 112 

transmitter,  circuit  of 106 

operation  of 120 

troubles 1 40,  143 

Telephones,  allow^ance  of,  to  post  telephone  systems 145, 147 

elimination  of  trouble  in 140 

locating  faults  in 140 

secondary  circuit  of 106 

summary  of  faults 142 

storage  batteries  for 52 

types  of 122 

Temperature  of  battery  room 46 

coefiicient 302,  313 

Tensile  strength  of  copper  wire 304 

Terminal  cabinet 149 

can-top 209,  2  L 1 ,  212 

office  switchboard  and  battery  arrangements 67 

pothead 192 

Test  connector 202 

for  chlorine,  iron,  copper,  mercury,  and  nitrates  in  V)atterii's 56 

purity  of  electrolyte  in  storage  batteries 55 

of  cable 242 

Tester,  cable 265 

reference  tables  for • 308 

Testing  "Duro "  batteries 58 

voltammeter  for 272 

Theory  of  the  buzzer 101 

polar  duplex 90 

telephone 112 

Thimbles 214 

Three-way  or  Y  cable  splices 226 

Tools  for  construction  of  lines L'OiJ,  207 

Transformer 14 

Transmission,  common  battery 114 

local  battery 113 

Transmitter  circuit  of  telephone 106,  111 

continuity-preserving,  duplex  telegraphy 78 

operation  of 120 
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Tran.sportation ,  field 284 

Transposition 198,  202 

Treatment  of  dry  i)lates 48 

Trenching  of  underground  cables 229 

Trimming  and  clearing  for  telegraph  lines 203 

Trouble  in  telephones,  elimination  of 140,  143 

telephone  lines 144 

Trunk  lines  to  commercial  exchanges 154 

Tying  of  wires  on  telegraph  poles 189 

Type  A  and  B  buzzer  connectors 287,  293 

V  cells 18 

Types,  closed  circuit  cells 16 

storage  batteries 31 

battery  racks 34 

telephones 122 

telephone  circuits 122 

U. 
Units  of  resistance 300 

V. 

Varley  loop  test 276 

Ventilation  of  battery  room 46 

Voltaic  cell 10 

Voltage,  of  storage  battery  at  end  of  charge 39 

after  charge 39 

testing,  of  battery 251 

Voltammeter  for  testing  batteries 272 

Voltmeter 249,  251 

location  of  ' '  cross "'  by  means  of 273 

W. 

Wagon,  wire,  jiintle  type 284 

Wall-cabinet  switchboard,  circuit  of 160, 161 

Wall  telephone.     {See  Telephone,  wall.) 

Washbm-n  &  Moens,  standard  of  wire  gauge 303 

Way-station  switchboards 65 

Weight  of  wire  used  in  field  operations 286 

Weiny-Phillips  repeater 71 

Western  Union  pole  changer 93 

Wet-weather  effects  on  telegraph  lines  and  apparatus 94 

WTieatstone  bridge 254 

Willard  storage  batteries 29 

six'cific  gravity  of  electrolyte  in 45 

Wire,  buzzer 286,  295 

cart 284 

copper.     {See  ('opj)er  wire.) 

field 286, 294,  296 

galvanized,  No.  9  and  No.  14 286,  294 

gauge 303 

guard 199,203 

hard-drawn  copper,  commercial  values  of 305 

handling  of 205,294,305 

messenger  strand,  method  of  terminating 213 
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Wire,  method  of  plaeinji; 188 

tyiiiK,  si)licintj.  and  dead-ending 188,  189,  190,  214,  296 

pike 292 

stringing 206 

telegrajjh 185 

table  of  properties  of 209 

types  used  by  the  .Signal  ( "orp^ 294 

used  in  field  operations 286,  294,  295 

wagon,  pintle  type 284 

Y. 
Y  or  3-way  cable  splices 226 

o 

J,  'HP 

Of 


RETURN     CIRCULATION  DEPARTMENT 

TO— ^      202  Main  Library 


LOAN  PERIOD  1 
HOME  USE 

2                               3 

4 

5                               6 

ALL  BOOKS  MAY  BE  RECALLED  AFTER  7  DAYS 

1  -month  loans  may  be  renewed  by  calling  642-3405 

6-monfh  loans  may  be  recharged  by  bringing  books  to  Circulotion  Desk 

Renewals  and  recharges  may  be  made  4  days  prior  to  due  date 

DUE  AS  STAMPED  BELOW 

MAY  2  5  1979 

RES.  r.-.wnr  APR  '>  ^  '79 

BEG.  cm     MAY 

1  ©79 

UNIVERSITY  OF  CALIFORNIA,  BERKELEY 
FORM  NO.  DD6,  60m,  1  1  /78  BERKELEY,  CA  94720 

®s 


U.C   BERKELEY  LIBRARIES 


CDSHfiE3b7S 


^^;^;;;;;i;;;'!'; 

:^;';<:<;i;;;<i^i%^^^^^^ 

;;;;;; 

«;<;< 

<;<;v';<;'^<«;\<.><^s:<;>)oo<;t;<;<;<<«i«.viM>>NN^x<;<A 


:i:i.i.r.'.'.';'.','.'.':.>!«W»!«!<«S«!iM'  ■  •. ..S'.N'iN'.  «•:<:<;■.';' 


